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Hines PUBLIGATIONSOR RESEARCH’ 
By E. W. ALLEN, Chief, Office of Experiment Stations, United States Department of Agriculture 

HE ultimate aim of research is publication. It 
may be deferred, but it is due eventually if the re- 
search has been successful. To some this final 

task, like the end of a poor cigar, is often very bitter. 
But in research the end is even more important than 
the beginning, and quite as deserving of being well 
done as any other part of the work. 

The idea that in writing a paper ‘“‘ anything will do,” 
and that it is a weakness and a waste of time to be fussy 
about it, will rarely bring a creditable printed report 
or stamp the author as a painstaking investigator. 
Writing is, to some extent, a special aptitude or ac- 
RE eta and those with whom it is not a native 
ability can do much to improve it by practice and by 
taking pains. It is especially important for the 
scientist, because it is his means of communication and, 
to a large extent, of his influence. Hence his attitude 
toward the task should be right. 

Publication is a serious matter because of the per- 
manence of the record. A printed paper can not be 
recalled or retracted as the spoken work can; it stands 
for all time. Of course, a statement may be explained 
or modified after it has been published, but it is diffi- 
cult to reach all readers of the original, and the correc- 
tion may be overlooked in future citation. 

For us in the Department of Agriculture, which 
stands so close to the public on the one hand, and to 
various branches of science on the other, the obligation 
to publish the results of investigation in suitable form 
is no less heavy than that of making the work itself exact 
in method and deduction. ‘The manner in which this is 
done will reflect not only upon the individual worker but 
upon his organization and the department as a whole. 

Unfortunately, much scientific writing of the present 
time is loose and indefinite in its expression, verbose 
often to the point of being tedious, and out of harmony 
with the ordered, exact, and logical nature of science 
itself. It is the subject of much unfavorable comment 
not only by the press but by other classes of writers. 
Sir James Barrie recently remarked that ‘‘ The man of 
science appears to be the only man who does not know 
how to say it.” Apropos of certain “diffuse”? and 
“overloaded” papers presented at the British Associa- 
tion a few years ago, the London Times pointedly re- 
marked that “Science should not disdain the art of 
presentation.” The publications of the department 
and the experiment stations have long been popular sub- 
jects for newspaper gibes, sometimes partially merited 
and frequently a reflection on the reporter for his lack 
of understanding or for being so far behind the times. 

While we can never hope wholly to escape such com- 
ment, wecan take away such ground for it as lies in faulty 
writing or failure to adapt the text to the audience ad- 
dressed. For it is all too true that scientific men are of- 
ten unsuccessful writers, not only for popular reading but 
for their fellow specialists. This is partly because their 
training has not been in that line and their minds have 
been schooled to analytical habits, and partly because 
they are not willing to take sufficient pains or exercise crit- 
tical judgment in selecting and presenting their material. 

1 A lecture delivered before the class in ‘‘The Nature and Method of Research,’ of 
the graduate school, Department of Agriculture. 
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The purpose of writing is not only to express ideas, 
but to communicate them to others. Science is not 
inherently dull, heavy, and hard to comprehend; it is 
essentially fascinating, understandable, and full of 
charm. It is simple, after it has been worked out, and 
is capable of being stated in concise terms easily under- 
stood. But to succeed in conveying ideas correctly 
and in a readable way requires considerable effort on 
the part of most of us. It calls for time to do it well. 
It is just as important as making more experiments, 
although the worker may not like it as well, and is quite 
as worthy of his best effort. He should take care not 
to overestimate his ability to dash off a research paper 
at odd times. 

CLEAR THINKING MAKES CLEAR WRITING 

The aim in publishing research, as well as in carrying 
it on, is to leave the field clearer than you found it. 
If that can not be done it is doubtful whether a scien- 
tific paper is justified. There can not be clear writing 
without clear thinking, and when one learns to write 
clearly he will in the process learn to think clearly. 
Indeed, it may be doubted whether thought and its 
expression can be separated. Vagueness or turbidity 
of language usually indicates similar qualities in the 
thinking. The attempt to express a matter clearly in 
writing thus helps in the process of clear thinking. 
Bacon wrote that ‘‘reading maketh a full man, con- 
ference a ready man, and writing an exact man.” 

Since the object of writing is to communicate in- 
formation, the writer may well give special attention to 
being intelligible. The audience addressed needs to be 
kept in mind and the language adapted to the reader. 
Sir Clifford Allbutt lays down the good rule to ‘‘take 
pains with yourself first, then with your reader’; and 
says further: ‘A writer who writes to convince and not 
merely to see his name in print must learn to lay his 
mind alongside that of his reader.” 

In other words, it is necessary to understand and 
keep in mind the point of view of those it is desired to 
reach, the mental peaersnad with which the new facts 
must be harmonized. The writer must know how to 
present his facts and arguments so that they will fit 
into the reader’s experience and what he already knows, 
The reader may know something about the subject, 
but he doesn’t know the point of view from which it 
was taken up, the purpose, and the reasoning, or how 
the work further clarifies the subject, unless these 
things are presented in their peep es setting. 

Clearness is absolutely essential in technical writing. 
It is not enough to use language that may be under- 
stood—it is necessary to use language that can not be 
misunderstood. Whether we agree with the author 
or not, we should never be in doubt as to what he means. 

One of the first requisites to clearness of expression is 
mastery of the language—not in the mere passive sense 
of avoiding errors, but positively, as a flexible medium 
for the exact, unmistakable expression of thought 
The choice of words, the order in which they are 
arranged, the sequence of clauses composing sentences, 
and, finally, the arrangement of sentences in a para- 
graph, are important features in effecting clearness. 

(69) 
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Words are the vehicle of language. They are to 
impart ideas; hence care needs to be exercised in their 
choice. There are fine shades of meaning to be ob- 
served. The use of the right word will save consider- 
able explanation and thus assist brevity. ‘‘ The wrong 
word derails the thought; the needless word is an ob- 
struction.” The cultivation of a fairly broad voca- 
bulary is desirable, but it is preferable to repeat the 
same word, if necessary to make the meaning clear, 
instead of adopting one that does not fit, for the sake 
of variety. 

Lavoisier, writing on the expression of ideas in 
1789, said: 

Every branch of physical science must consist of three things— 
the series of facts which are the objects of science, the ideas 
which represent these facts, and the words by which these ideas 
are expressed. Like three impressions of the same seal, the 
word ought to produce the idea, and the idea to be a picture of 
the fact; * * * As long as precise terms are lacking we 
can only communicate false or imperfect impressions of these 
ideas to others. 

Having something to say, therefore, say it in your 
own way, provided you use good diction, the right word, 
and a simple form of expression. Above all, make your 
meaning clear. Read. over each sentence to see if it 
expresses what you desire to say. Eliminate each word 
that is not necessary to the sense or the spirit of the 
article. Words are only useful for expressing ideas; 
fine writing and high-sounding phrases have no place 
in technical articles. Choose your words with care. 
Make each sentence convey an idea, and don’t try to 
put more than one idea in asentence. Punctuate so as 
to bring out your meaning; the punctuation is a part 
of the writing. 

On this subject of lucidity in writing, I should like, 
even at the risk of some repetition, to quote from Dr. 
Erwin F. Smith, of the Department of Agriculture, 
who has given some remarkably good advice on writ- 
ing.? He says: 

Clarity is the soul of truth, and especially in science there 
should be an idea behind every expression, and this idea should 
be stated as clearly as language permits. * * * ‘There are 
various ways of saying things, but only one best way. Never- 
theless, to read the contributions of many scientific men one 
would suppose they must think any method of expression suffi- 
cient, even the most clumsy and ambiguous. Yet suchis not the 
case. In spite of this motley array of bad writers, it is best that 
subject and predicate should agree, * * * and especially that 
each statement should be susceptible of but one interpretation. 

Every paragraph and sentence in your paper should receive 
careful and repeated consideration, first, as to whether it tells 
the exact truth; second, as to whether it is absolutely clear, i. e., 
will convey the same meaning to all as to yourself; third, as to 
whether it is complete, or requires various additions or qualifica- 
tions (science is an eternal qualification); fourth, as to whether 
the sentences in it are entirely logical and move convincingly 
toward your final conclusions. ‘These things can be determined 
only by repeated readings and much pondering. * * #* 
Occasionally there is a person who can write a thing as it should 
be the first time trying, but I have known only one or two such 
persons. Generally, easy writing is hard reading. Darwin 
sometimes recast his paragraphs a dozen times, and most of us 
_may expect to reach a good style, if at all, only by dint of much 
labor and repeated rewriting. Yet who can doubt that it is an 
end worth all it may cost? 

USE THE SIMPLEST WORDS THE SUBJECT WILL BEAR AND NOT 
TOO MANY OF THEM 

So remember the reader. Be sympathetic toward 
him. He must make some effort, but he is not bound 
to follow you through. The writer has not the same 
hold on his audience that the speaker has. You may 
have to see it through if you get into a dull or unprofit- 
able lecture, but the reader does not have to stay by an 

? Bacterial Diseases of Plants, by E. F. Smith, pp. 643-647. 

article that is hard to follow, badly put together, or 
tedious in its extravagant length. The author must 
interest and hold the reader if he expects to accomplish 
his purpose in publication. If a paper is direct and 
understandable, and has something worth while to 
say, it will be readable and interesting—often enter- 
taining. If it is not interesting it will not be read, or 
only skimmed as a matter of duty. It is not always 
the fault of the public or of brother scientists if they 
are not familiar with your published work; a part of 
the burden rests on you. 

Study to communicate the results of research in a 
way that will involve the least effort on the part of the 
reader to take them in. Spencer said that “ Those are 
the most effective modes of expression which absorb 
the smallest amount of the recipient’s attention in 
interpreting the symbols of thought, leaving the 
greatest amount for the thought itself.” Technical 
articles naturally require rather close attention in 
reading, but it is poor writing when a sentence or a 
passage must be reread two or three times to get at 
its meaning. Writing that leaves the reader’s mind 
in such a condition that it can uninterruptedy follow 
the meaning of the paper without being conscious of 
the words has been described as good style. Huxley’s 
idea of style was ‘“‘to say that which has to be said in 
such language that you can stand cross-examination 
on each word.” 

Brevity is another important quality of a technical 
paper. This does not mean that the presentation 
should not be adequate to a clear understanding of 
what is reported and ability of the reader to judge 
the merits of the contribution; but the length should be 
proportionate to the actual contribution. Nowhere 
are more skill and judgment required. 
A publication is not judged by its length but by the 

message it carries. The amount of well-directed and _ 
well-digested work it represents, the discrimination 
shown in distinguishing between the important and 
the relatively unimportant, and conciseness in pre- 
senting the essential features are its claim to recogni- 
tion. 

Verbosity and diffuseness suggest a possible lack of 
really important matter to fill out the space, or at 
least that the writer has not digested what he has to 
say. As one writer puts it: “Verbosity is a sign 
either of carelessness or of a lack of time to take care.” 

The question of what to include will be determined 
to some extent by the character of the publication; 
but whether it is a technical or a semipopular one, 
the question of what to leave out will be one for very 
careful consideration, which frequently can not be 
settled at the first writing. On review it may be found 
that considerable may be left out without sacrificing 
anything really essential. Descriptions and _ state- 
ments of facts gain force by brevity and by sticking 
quite closely to the real kernel of the subject. 

As a rule, the more definitely a fact has been esta- 
blished by an investigation, the more directly and 
simply it can be presented. It is the doubtful ones 
that have to be hedged about with explanations, 
qualifications, and cautions. 

On this subject of brevity Doctor Smith says: 
A good rule is never to use two pages for a subject that can 

be compressed by a little thinking into one. The generality 
of men use more words to express an idea than are actually 
necessary, if the best words had been chosen. Study the 
meaning of words, their shades of meaning, and rewrite a sub- 
ject twenty times, if necessary, to state it cogently and with 
brevity. Remember nearly everybody will read a brief state- 
ment on an interesting subject, while only the most phlegmatic 
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and determined will hold themselves to a long-winded one. 
You will more than treble the number of your readers by halving 
your paper. 
Morever, for the necessity of those who can’t spend even the 

minimum of time necessary to read a short paper, and for the 
convenience of everybody, especially of the foreigner, it is 
your solemn duty to sum up the substance of your contribution 
in a series of brief conclusions which everyone will read, and 
which, if well put, may induce many to turn back and read 
your whole paper. 

The style of the technical paper should be simple, 
straightforward, and dignified. It should suggest 
neither a fairy tale, a sensational newspaper story, nor 
asermon, but rather a simple, unaffected, and uncolored 
account of work done and its application. Accuracy 
and clearness ought never to be sacrificed to a sup- 
poy more popular stvle. The presentation should 
e such as to win the reader’s confidence in the thor- 

oughness and reliability of the work reported. 
Accuracy of fact and statement is, of course, a pri- 

mary requirement in technical writing. Carelessness 
is intolerable, a reflection on the author which can not 
be shifted to the stenographer or the printer, even 
though these may be found at fault. The investigator 
who is careless in reporting his work lays himself open 
to the suspicion that he may be careless in his experi- 
ments, in taking data, and even in thinking about them. 

PLAN BEFORE YOU WRITE 

With these things in mind, what should be the 
method of preparing for publication? [ have no new 
receipt, no suggestion that has not been made by 
others, but with this acknowledgment I may attempt 
to put into form some of the essentials we have been 
discussing. 

In presenting a scientific paper or a bulletin the 
author says, by inference at least: “‘ Here is the product 
of my labors upon this subject, taking advantage of 
what others have done and building upon that founda- 
tion. I present it because the work has reached a stage 
which marks an advancement worth recording. I give 
it to you in a simple and straightforward form which 
will enable you to understand the status of the subject, 
my contribution to it, and its bearing or application. 
It is the product of my investigation and my mature 
judgment. Iam ready to stand by my work and to be 
judged by this account of it.” 

Schopenhauer divided writers into three groups. 
The first and largest group wrote without thinking; 
the second thought and wrote at the same time; and 
the third group, a very small one, thought before they 
even began to write. 

Outline or plan.—It is a good idea, therefore, to begin 
with the making of an outline or plan to be followed in 
constructing the article. Order is the first law of 
nature; hence an account of research dealing with a 
study of nature ought to reflect this quality in its 
arrangement. One of the first requirements is that the 
paper should be systematic, orderly, and logical in its 
method of presentation, progressive in its effect, so that 
the course can be followed and interest will cumulate 
to the very end. 

The title.—First in order will come the title. This 
can not always best be determined at the beginning, 
but it has to be provided for, and so may be considered 
here. It is a matter of much more importance that it 
is sometimes thought to be. Of course there is a 
limit to what can be put into a title, but it should be 
specific and descriptive as far asit goes. Bibliographers 
complain bitterly of misleading or incomplete titles, 
and as bibliographies, abstracts, and indexes must be 
depended on for finding a paper after it is a few years 

old, an inadequate title is one means of burying a piece 
of research. 

There have been several articles in Science recently 
on the proper wording of titles of scientific papers, 
especially from the standpoint of the librarian and 
bibliographer. In one of these an earnest plea was 
made for such clear and definite titles as will enable 
the accurate cataloguing of articles, so that the investi- 
gator must find them in his search for the literature. 

The introduction.—Next will come the introduction, 
which, in an account of research, would set forth the 
problem and give a brief review of the recent literature 
bearing on the subject. Such a review should rarely 
constitute a monograph of all that can be found, as is 
sometimes the case, but be sufficient to show the status 
when the writer entered the field and the place where 
his work began. This will naturally make clear what 
the specific object of the research was—whether the 
adding of a new fact or idea, or a further interpretation. 

This introductory matter will usually constitute a 
relatively small part of the article and be confined to 
what is strictly pertinent to the subject under discus- 
sion. It should not suggest what the old lady referred 
to as a preramble. Dr. E. E. Slosson, of Science 
Service, gives the following advice in this connection: 
“Don’t back up too far to get a running start. Re- 
member the man who wanted to jump over a hill. 
He ran a mile to work up momentum and was so tired 
when he got to the bottom of the hill that he had to 
sit down and rest. So will your readers be. Ninety 
per cent of the manuscript that I have handled in 20 
years as an editor would have been improved by cut- 
ting off the first page or paragraph. Yet authors, like 
hens, kick on decapitation.” 

Body of the article.—We are now ready for the account 
of the investigation itself. Begin at the beginning, and 
let the account unfold itself in a systematic, logical 
way, as a verbal account of some experience would, but 
with the possibility of doing even better. When we 
are talking we often revise a somewhat confused state- 
ment by “that is to say” or ‘‘in other words,” which 
indicates dissatisfaction with the way the matter has 
been put, and that in translating his thoughts into 
words the speaker has clarified his own thinking. This 
correction will usually be taken care of in the revision. 

The reader will naturally be interested in a brief 
statement of the plan of procedure, the method em- 
ployed, an indication of the scope of the study, and 
conditions under which it was done. The account will 
aim to show that the writer had a clear purpose in 
starting the work, realized what he was going after in 
his investigations, has the facts arranged in his own 
mind, and has studied them so that he canimpart them to 
others and draw warranted deductions and conclusions. 

REMEMBER THE READER 
To quote Doctor Slosson again: 
Don’t overestimate the reader’s knowledge, and don’t under- 

estimate the reader’s intelligence He may not know as much 
as you do about this particular thing—let’s hope not, anyway— 
but otherwise he may be as bright as you are—let’s hope so, 
anyway. 

Don’t forget that your reader is interrupting you every 10 
lines to ask ‘‘Why?” ‘‘What for?” or ‘‘ Well, what of it?” and 
if you don’t answer his tacit questions he will soon stop reading. 

Don’t shoot in the air. Aim at somebody. You may miss 
him, but you are more likely to hit somebody else than if you 
aim at nobody. Look out of your window and note the first 
person coming along the street. Imagine yourself stopping the 
man or woman on the sidewalk and, like the ancient mariner, 
holding his or her attention till you have told your tale to the end. 

Analyze the subject carefully and break it up into 
parts. Use center heads and side heads in the text 
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to divide it and express the relation of parts. This 
helps in the progressive arrangement and assists the 
reader to follow. Paragraph freely, separating differ- 
ent points in this way and bringing together things 
which belong together. This makes the page look less 
solid and makes reading easier. 

As far as possible finish each topic or phase of the 
subject as you go along. Do not revert to it further 
on in the text to add some new point. This makes 
confusion. When comparisons are made between dif- 
ferent parts of the paper, refresh the reader’s mind 
sufficiently so that he will not necessarily have to turn 
back and reread in order to understand the new point. 

Data and tabular matter.—A preliminary step toward 
writing is the preparation of the data. It is often 
possible to work up the data as the investigation pro- 
gresses from one stage to another. This is helpful in 
connection with deciding on the next step. Before 
writing, the results will need to be critically reviewed 
to determine what they show and how they can best 
be arranged. The arrangement of data is an important 
part of the task of presenting the matter to someone 
else. 

This occasion will be one for sifting, condensing, and 
summarizing. It is a selective process. I know there 
are those who contend for the publication of all the 
important data, so that readers may not only follow 
the author’s reasoning but be able to check up critically 
on his deductions. Some writers insist on a practical 
reproduction of their notebooks, but this seems rarely 
warranted or necessary. Liberality shouldbe exercised, 
of course, but the permissible liberality is determined in 
no small measure by the character of the article. The 
main object is to record matters which have permanent 
value, confessedly a matter of good judgment, in which 
there is perhaps as much danger of overestimating the 
importance of details as of leaving out too much. 

The object of a table is to present a picture of the 
data, as complete in itself as possible. The purpose of 
tabulated data is not alone to record it, but to clarify 
the subject—to present the matter more clearly and 
concisely than it could be presented in the text. A 
table is a difficult thing for many people to make and 
for others to understand, particularly if it is unduly 
complicated or improperly constructed. The reader 
should be prepared for it by a text which leads up to it 
with a simple and direct explanation and a suitable 
title which tells what it is about. There is often room 
for improvement in such headings. Sometimes tables 
are designated merely by number. Do not cover too 
many different points in a single table. This makes 
the table complicated and leads to confusion, and it 
often results in including things which must be re- 
ferred back to in the discussion several pages beyond. 
Long tables are apt to be confusing. 

Try to avoid putting different units in the same col- 
umn, as pounds, tons, dollars, etc. Sometimes this is 
necessary, but usually it can be avoided by turning 
the table about. As far as possible, tables ought to 
be self-explanatory, but sometimes the different treat- 
ments or variables are indicated by letters or numerals 
requiring reference to the text to supply the informa- 
tion, which usually is difficult. The table ought to 
clearly indicate the essential variables. 

Don’t forget that the reader will expect the author 
to make some explanation of what he considers a table 
shows, or how it prepares for what is to follow. It was 
not unusual in the past to “let the results speak for 
themselves,” presenting them with no attempt at com- 

ments or comparison. Frequently this reflected a 
difficulty of interpretation, and so raised the question 
as to why such data should be inserted if the author 
himself was not able to make anything out of them. 

THE SCYLLA OF OVERSTATEMENT AND THE CHARYBDIS OF 
UNNECESSARY QUALIFICATION 

Avoid qualifying unnecessarily or too extensively. 
The aim should be to make fairly definite statements 
regarding the teachings of the investigation. These 
may be limited in their scope, but they ought to be 
direct, so that they can be understood. ‘This is true 
whether they are conclusions, generalizations, or tenta- 
tive suggestions. It is important to make the meaning 
clear, to be cautious and reserved, keeping well within 
the facts; but there is such a thing as being too cautious 
and too reserved, as if the author were not sure what 
he believed. It is a good rule to say what you have 
to say so people will give you credit for your suggestion 
or deduction; if not, it will be difficult to establish 
claim to originality later when some one else makes a 
positive announcement. 

Tllustrations.—A. good illustration is often the quick- 
est way to convey an idea. Frequently it will do the 
work of a whole page of description. The same is 
true of the presentation of results in graphic form, 
provided such graphs are not so complicated as to 
require an undue amount of study. The object of 
illustrations is to illuminate the text but not to embel- 
lish it—to make it more intelligible or to give a more 
definite impression. There is sometimes a tendency 
to overillustrate, which is a decided disadvantage in a 
scientific article. Aside from the expense this entails, 
it is confusing to the reader to be constantly running 
upon illustrations which are naturally supposed to have 
some bearing on the text, but after some waste of time 
are found not to have. Where possible there should 
be a reference to each figure or illustration in the text, 
and each figure should have a legend or title, telling 
what it illustrates and explaining 1t where necessary. 

Conclusions.—The reader will expect some conclu- 
sions. He may be suspicious if there are too many or 
if they are too far-reaching. The author here has the 
opportunity of crystallizing the results and showing 
how they clarify the subject. The important points 
developed in the investigation should be brought 
together, with such deductions, suggestions, or general- 
izations as seem warranted. The accurate drawing 
and stating of these conclusions is one of the most 
delicate steps in preparing a scientific paper, requiring 
not only caution and discrimination but unusual care 
in wording to avoid possible misunderstanding. 

After the paper has been entirely written, revise it 
clearly for the plan and method of presentation, and 
for the form of statement. This will frequently result 
in shortening the paper and making it more direct in 
its treatment, and it will give opportunity for the 
weighing of each statement for accuracy and clearness. 
If possible have some one else read it who has techincal 
knowledge of the subject. Prefer criticism before 
rather than after publication. It is usually more 
agreeable. 

Most institutions or organizations now have pro- 
vision for some editorial review of the manuscript 
before it is sent to the printer. The editor’s task is a 
delicate one. It calls for tact, sympathy, and patience, 
but he is in a position to render a real service to writers 
of technical papers, and his efforts should be welcomed 
and given respectful consideration. 
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THE WAGON AND THE ELEVATING GRADER 
AN ECONOMIC STUDY OF THE WAGON-ELEVATING GRADER COMBINATION, 

IN THREE PARTS 

BY THE DIVISION OF CONTROL, U. S. BUREAU OF PUBLIC ROADS 

Reported by J. L. HARRISON, Highway Engineer 

Part IIJ.—ESTIMATING THE COST OF ELEVATING-GRADER WORK 

HE output of the elevating grader as used in 
highway construction and the importance of 

_ the attendant haul have been discussed in 
previous articles of this series. This article deals 
with the wagon supply and shows the application of 
the data secured to a few of the practical problems of 
the engineer and the contractor, particularly those 
encountered in preparing bids and controlling going 
projects. 
As in the study of the other forms of earth-moving 

equipment, the determination of the number of wagons 
required is made on the basis of a time-distance graph, 
the pitch of which shows the rate at which the wagons 
are moved. In its general characteristics the typical 
time-distance graph for standard 114 cubic-yard 
wagons is similar to those for the wheeler and fresno, 
but its pitch is higher than that of the fresno graph 
and not so high as that of the wheeler graph. Dyna- 
mometer studies are being conducted by the Bureau 
of Public Roads for the purpose, among others, of 
analyzing the reasons for this difference. While these 
studies have not yet advanced far enough to yield 
conclusive data, they appear to show that the power 
required to haul loaded wagons is less than that re- 
quired to haul loaded fresnoes and greater than that 
required to haul loaded wheel scrapers. This pre- 
sumption seems to be confirmed by the greater ap- 
parent variation in the rate at which wagons operate 
than in the rate at which either wheelers or fresnoes 

less than its proper speed (334 feet per second) it is 
necessary to rein in the wagon teams while the load 
is being put on and they are apt to hold to the slower 
pace when moving with the load. The remedy is in 
efficient superintendence. 

The pitch of the standard wagon graph, Figure 1, 
indicates a normal travel speed of approximately 245 
feet a minute, or about 4 feet asecond. The rate tends 
to be a little higher on the return empty than on the 
loaded haul. In estimating elevating grader work, 
however, the normal rate may be used unless the physi- 
cal conditions prevailing on the job are such as to indi- 
cate that the hauling will be unusually difficult. 

METHODS OF DETERMINING WAGON SUPPLY REQUIRED 

For use in estimating the number of wagons re- 
quired Tables 1 and 2 have been prepared. Table 1 
shows the number of loads per hour which each wagon 
should move at the above normal speed for various 
lengths of haul. Table 2, among other things, shows 
the output of the grader, with average management 
for various lengths of cut. With these data, the num- 
ber of wagons that should be supplied for any given 
length of wagon travel can be readily determined. 
For example, assuming normal operation in a 600-foot 
cut with an average haul distance of 700 feet, we find 
from Table 2 that the possible grader output in a 600- 
foot cut is 86 loads per hour and from Table 1 that 
a wagon normally operates at the rate of 8 trips per 

operate. In one or two 
instances, jobs have yield- 
ed a wagon time-distance 
graph indicating a rate of 
travel nearly as high as 
that commonly maintained 
by wheel scrapers. On the 
other hand, wagon jobs not 
infrequently show a rate 
of travel somewhat under 
that here presented as 
standard. This suggests 
that if the soil and gradient 
are favorable, the resulting 
light draft tends to bring 
‘the wagon speed up to the 
wheeler speed, while unfa- 
vorable soil conditions or 
adverse gradients increase 
the power required of the 
teams with a correspond- 
ing tendency to decrease 
the rate of travel. 
Low rates of wagon 

travel appear also to be 
associated with a low rate 
of movement by the elevat- 
ing grader. If the elevat- 
ing grader is operated at 

length of cut and the wagon haul from the cut to 
the fill introduces an element of risk which is not 

present in grading jobs on which fresnoes or wheelers are 
to be used. 

The fact that the earth is excavated by one unit and 
hauled by another makes the economical planning and per- 
formance of the work a somewhat complicated and difficult 
matter. Unless there is proper adjustment of the two 
units one to the other, so that the grader will excavate 
enough material to keep the wagon train busy, and, per 
contra, that a wagon will be in position for a load when- 
ever the grader is ready to load it, there is a loss in pro- 
duction which, if frequently repeated, may consume the 
contractor’s profit. 

The quantity of earth the grader will excavate in a day 
depends upon a number of conditions which have been 
discussed in detail in a previous article; but one of the 
principal governing factors is the length of cut, since the 
time consumed in turning the grader is necessarily unpro- 
ductive. The number of wagons required to keep the 
grader busy depends upon the length of haul. 

On all jobs there is some variation in the lengths of cuts 
and hauls, and it is not practicable, therefore, to plan the 
work so as to obtain maximum efficiency of the wagons 
and grader at all times. But for any job there is some 
best size of wagon train which will reduce the cost of the 
work to a practicable minimum. 

This article describes a method by which, for any par- 
ticular job, the economic size of wagon train can be deter- 

G): ELEVATING-GRADER jobs variation in the 

mined; and the probable cost can be estimated with a 
minimum of risk. 

hour on a 700-foot haul. 
It follows, therefore, that 
eleven 114 cubic-yard 
wagons will be required to 
supply the grader. 

The same determination 
can be made graphically by 
use of the graph presented 
in Figure 2. Following the 
vertical line representing 
the 600-foot cut until it 
intersects the horizontal 
line for the 700-foot length 
of haul, we find that the in- 
tersection falls between the 
curves for 10 and 11 wag- 
ons, respectively. When- 
ever the determination 
yields a fraction of a wagon 
greater than one-half an 
additional wagon should be 
supplied, except that if the 
number of wagons indicat- 
ed is five or less, an addi- 
tional wagon should be 
supplied if the fraction is 
larger than a quarter. 
This is desirable because 
too much trotting of the 
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TaBLe 1.—Number of loads per wagon per hour for various 
haul distances 

Time per | Number Time per | Number 
Haul distance round of trips Haul distance round of trips 

trip per hour trip per hour 

peaees = erm —|— Ele 

Feet Minutes | Feet Minutes 
LOO Fee ee ee 2, 67 DS ONO 002 =e ener ae eee 9. 12 6.6 
2005 eee ee ee 3. 39 LT all O00 Be. eee eee 9. 94 6.0 
COs sea ok Sasa 4. 21 | LA Dal L200 ie ae eee ee eee 11. 58 6.2 
4005 Soa Soe 5.03 1015) 400 ee eee ee oe 13. 22 4.5 
10 | eee aa 5, 85 LOS231|e COQ sas = ee ae 14. 85 4.0 
COO RSs ses 6. 66 | ONOM SE SOO Bee see = ee 16. 49 3.6 
O02. ee a Rees 7. 48 SaOuie2 O00 eae ne 18. 13 3.3 
S008. 2 eee 8. 30 (py 

TABLE 2.—The effect of length of cut on percentage of time grader 
is nominally at work. Average operation with adequate supply 
of 1% cubic-yard wagons 

[Loading distance, 75 feet; loading time, 23 seconds; exchange time, 11 seconds; grader 
turning time, 45 seconds; grader delays, 10 per cent] 

Per- 
Iie centage 

losses Per i : A 
Aver- due to centage oa v 

Num- Wagon-| age |Grader-| break- Moads) eqs : 
ber of ee loading| wagon |turning| downs, Nace per ee Awek 
loads | CU" | time ex- time | rests, CM eiiourmn kes palace eae 

change etc. SEN MOCK Ce 
(10 per work |and ade- 

cent) quate 
wagon 
supply 

Feet |Seconds|Seconds|Seconds| Seconds|Seconds| Number| Per ct.| Per ct. 
eee aA 75 23)\|'sorow ene 45 7 75 48 30.6 58. 0 
2a 150 46 11 45 10 112 64 41.1 78.0 
5 ee 225 69 22 45 14 150 72 46.0 87.2 
Ase 300 92 33 45 17 187 di 49.2 93. 4 
Ducasse 875 115 44 45 20 224 80 51.4 97.4 
62s cce 450 138 55 45 24 262 82 52. 7 100. 0 
(etree 525 161 66 45 27 299 84 53.8 102. 0 
S3anee ae 600 184 77 45 31 337 86 54.6 103. 6 
O ase 675 207 88 45 34 374 87 55.3 105. 0 
LOusoase 750 230 99 45 37 411 88 56. 0 106. 2 
Lo ssseee 1, 125 845 154 45 54 598 90 57. 7 109.3 
20 S28 1, 500 460 209 45 71 785 92 58. 6 alte ab 

N. B.—A loading loop consists of a run down the cut, a turn, arun up the cut and 
a second turn. In developing this table a half loop—one run and one turn—has 
been used. By this device the ‘‘length of cut’? may be compared directly with 
plans for construction work. Output, working time, etc., are the same as they 
would be if a whole loop had been used. 

stock would be necessary if only five wagons are required 
to make up an average deficiency as great as a full half 
wagon, which is 10 per cent of the total wagon supply. 
While a well-managed wagon string can safely carry a 
10 per cent overload for a considerable period, it is easier 
to operate smoothly on a 10 per cent underload, and 
unless the superintendence is of a high order the loss 
in output which is likely to result from the attempt to 
carry an overload will more than counterbalance the 
saving in cost of team time. 

Figure 3 shows the wagon supply required under aver- 
age management if 2 cubic-yard wagons are used 
instead of the 114 cubic-yard wagons assumed in Figure 
2. These graphs are based on the rate of wagon travel 
shown in Figure 1 and on the conditions noted on the 
graphs. 

Often an outfit will be operated somewhat above 
average efficiency in one or more of the details most 
important in govering production. For such outfits 
the wagon supply should be somewhat larger than is 
indicated in Figures 2 and 3. To cover such cases the 
graphs shown in Figures 4 and 5 have been prepared, 
and from them may be secured the information for use 
in estimating the wagon supply required when increased 
efficiency is secured from whatever cause. Line A 
gives data for average management. Line X gives 
data for a 5-second saving in total time per load; ee 
Y and Z, for savings of 10 seconds and 15 seconds, 

respectively, while line B is for extra-good management, 
where about 16 seconds are saved. Figure 4 is for use 
with the graphs in Figure 2 when wagons of 114 cubic 
yards capacity are used, and Figure 5 with Figure 3 
when wagons of 2 cubic yards capacity are used. The 
conditions under average management as contrasted 
with extra-good management, shown as line B in Fig- 
ures 4 and 5, are given in the following table: 

114-cubic-yard 2-cubic-yard 
wagons wagons 

Item Unit 
Average ae Average ei 

eat manage- bg SP manage- 
ment ment 

Loading distance_-_-.___- UGotsescaae sess 75 60 107 90 
Loading timesaasssseee Seconds saws see 23 16 35 24 
Exchange time_-__-_____ tO see eae 11 5 11 5 
Gradeniturnin gepyiie mee eee Cl Osean 45 45 45 45 
Grader delays___---.--- Rerieenteaesssse 10 5 10 5 
Grader speed___-.__--_- Feet per second _ 3. 26 3.75 3. 26 3. (5 
Wegonispeed sae se o-42|o eee dOsene a seeene 4. 08 4.08 4.08 4.08 

D= HAUL DISTANCE — HUNDRED FEET (INCLUDES LOADING DISTANCE) 

SPEEDS 

HAULING TO DUMP, FEET PER MINUTE 

RETURNING TO GRADER, FEET PER MINUTE__ 247.0 

+ = TIME - MINUTES 

Fic. 1.—Time-distance graphs comparing relation between trip time and haul 
distance for wagons with similar relation for fresnoes and wheelers 
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Fic. 2.—Curves for use in determining the supply of 114 cubie-yard wagons required 
for various lengths of haul and lengths of cut with average management 

To demonstrate the use of the graphs, let us suppose 
the wagons used are of 114 cubic yards capacity. We 
find from Figure 2 that under average management, 
with a length of cut of 600 feet and haul of 700 feet, 
the required wagon supply is 10.8 as previously stated. 
To determine the wagon supply needed under extra 
good management, we refer to Figure 4 and follow the 
vertical line for the 600-foot cut to its intersection with 
line B; then, following horizontally to the percentage 
scale at the left, we find that the wagon supply should 
be 160.5 per cent of the supply required for average 
management or (10.81.605) 17 wagons. For cuts 
of average length (approximately 450 feet long) the 
first five seconds saved (line X) increases the wagon 
supply required about 13 per cent, or at the rate of 
about 2.6 per cent for each second saved. As the 
increased wagon supply is required by increased pro- 
duction, the importance of each second saved is very 
-apparent. The second five seconds saved (line Y) 
requires a further increase in wagon supply of about 17 
per cent, or at the rate of 3.4 per cent per second. The 
third 5 seconds saved (line Z) requires an increased 
wagon supply at the rate of about 4.6 per cent per 
second. Where management is below the average the 
effect is, of course, reversed. 

To use these graphs it is necessary to know what 
average loading time is being secured, the length of 

cut, the percentage of time the grader is idle, and the 
exchange time. If these conditions are as shown in 

75 
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Fig. 3.—Curves for use in determining the supply of 2 cubic-yard wagons required 
for various lengths of haul and lengths of cut with average management 

Figure 2 or 3, which we call normal, the wagon supply 
is read directly from the graphs using Figure 2 or 
Figure 3, depending on whether 114 or 2 cubic yard 
wagons are employed. If the observed conditions 
indicate that higher efficiency is being obtained de- 
termine the amount by which the normal loading time 
is reduced and, after ascertaining from Figure 2 or 3 
the number of wagons required for average manage- 
ment, correct the result by increasing the number as 
indicated by the percentage read from Figure 3 or 4 
opposite the intersection of the vertical line through 
the appropriate cut length figure with the horizontal 
line representing the time saved. Thus, by reference 
to Figure 2, we find that when working from a 450-foot 
cut on a 600-foot haul the wagon supply required under 
normal or average conditions is 9.2. But if a saving 
of 6 seconds is being made reference to Figure 4 shows 
that the wagon supply should be 116.4 per cent of the 
normal, or 11 

TIME LOSSES IN WAGON OPERATION 

The constant losses involved in wagon operation are, 
in their general nature, similar to those encountered in 
the operation of other forms of earth-moving equip- 
ment. They include turning time, dumping, and mis- 
cellaneous waits. The field observations indicate that 
not much time is lost on the turns or in the dumping 
operation, which is simple and rapid. The principal 
avoidable losses are caused by: (1) Improper dump- 
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Fia. 4.—Increase in supply of 114 cubic-yard wagons required by increased efficiency 
in operation of grader and wagons 
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Fic. 5.—Increase in supply of 2 cubic-yard wagons required by increased efficiency 
in operation of grader and wagons 

ing practices; (2) the practice, found on most jobs, of 
allowing teams to maintain a fixed position in the 
string; and (3) the use of an secon sete large number 
of wagons on the work. Loading (by the method of 
analysis used in this article) is included in the wagon 
travel time. A little time may be lost in loading by 
the checking of the normal wagon speed to conform to 
a lower grader speed, but this loss can be avoided only 
by a correction of the grader speed. 

Handling material at the dump is an art. The dump 
man must have two separate objectives in mind—(1) the 
building of a neat and workmanlike fill and (2) the dis- 
position of material as delivered without delaying the 
wagons. The first of these objectives is most easily 
accomplished by end dumping, for the reason that the 
dump man can preserve line and grade simply by set- 
ting a few shoulder stakes. But the practice of end 
eee) aside from the fact that it produces a fill 
which will settle considerably more than a layer- 
dumped fill, is undesirable from the contractor’s stand- 
point, because the dumping area is necessarily so small 
that the Mormon scraper or light blade used in dis- 
tributing material and forcing it over the end of the 
aa can not work without more or less interruption 
by the wagons. Layer dumping enables the dump 
man to peace all the dumping area needed in handling 
material, no matter what the rate of delivery may be. 
On the other hand, it is a little more difficult to place 

a fill accurately if layer dumping is practiced and the 
number of dump men who can build a trim and regular 
layer fill is limited. That it can be done, however, 
with no additional cost to the contractor was demon- 
strated on a job studied at Jordan, Minn., during a 
considerable part of the past working season. The 
fills on this job, ranging from 1 or 2 feet to over 20 feet 
in depth, were placed by a skilled dump man and a 
two-horse blade with driver so accurately that even 
after allowing a reasonable period for settlement the 
engineers found that in many cases final dressing was 
not really required before the work could be accepted. 
This case is mentioned because it indicates the accu- 
racy with which layer dumping can be performed if a 
really skilled dump man is in charge of the work. _ 

On elevating-grader jobs it is customary to permit 
the drivers to maintain a regular position in the wagon 
string. Working under this system, it is not uncom- 
mon to see practically the whole string held up because 
one driver has stopped his team for some reason. It is 
even more common to see one or two wagons held up 
at the dump because one driver has been somewhat 
detained in dumping. In the course of a day’s work, 
this practice may result in considerable delay. If the 
time losses at the dump are to be reduced as far as 
possible, it can best be accomplished by requiring 
teamsters to accept whatever position in the line falls 
to them. This would also measurably avoid one of 
the objections that some contractors have to layer 
dumping, namely, that it tends to disorganize the 
wagon string. 

The last and perhaps the most important cause of 
miscellaneous delays is traceable to having too many 
wagons on the work. As now commonly operated the 
elevating-grader outfit consists of grader and a fixed 
number of wagons. ‘These the contractor customarily 
sends out every morning without much regard to 
whether they can be used effectively or not. As a 
result, if the haul is short, there is a considerable sur- 
plus in the wagon supply which appears in long waits 
between loads, and sharply increases the lost wagon 
time. This has been discussed in another part of this 
article! and a method of avoiding the trouble suggested. 

ESTIMATING THE COST OF ELEVATING-GRADER WORK 

Turning now to the method of estimating, it may be 
stated at the outset that the process is somewhat comphi- 
cated. In the first place, the contractor should know his 
general efficiency and whether or not he will expect as a 
matter of policy to supply an adequate wagon train. It 
has been made clear that where no particular attention is 
paid to the adequacy of the wagon train, the exchange 
of wagons at the grader is likely to reach 20 seconds or 
more as an average. If an adequate wagon supply is 
maintained, theexchange, under normal efficiency, drops 
to about 11 seconds; and, if the superintendence is of 
a high order, it can be driven down to about 5 seconds. 
Other phases of this matter might also be noted here, 
but will hardly be necessary in order to support the 
statement that any scheme of estimating, if success- 
fully used, must reflect conditions of this sort. The 
procedure which is outlined below sets up a basis on 
which this can be done. As a method it may be fol- 
lowed with confidence, but it can not be followed 
blindly. 

1See Public Roads, April, 1925, p. 30. 
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Briefly stated, this method of estimating is based on 
the assumption that the output will run a little over 
100 cubic yards an hour on a job where conditions are 
normal or average, i. e., an average length of cut in 
which to work the grader, average efficiency in opera- 
tion, a normal bite, an adequate wagon supply, and 
normal time losses, factors which have been found to 
generate a 23-second average loading time, an 11- 
second period for the exchange of wagons, a 45-second 
grader turn, and (with a 16-horse grader) a time loss of 
about 10 per cent, due to breakdowns, clean outs, 
miscellaneous rests, etc. As managerial policies gen- 
erally reduce the working day to something under 10 
hours, the actual output, these conditions prevailing, 
should be about 1,000 cubic yards per working day. 
As estimating must be done from some general basis 
this one has been selected. The development of the 
estimate then becomes a matter of determining the 
probable working time on the basis of governing fac- 
tors. It should be observed that the 1,000-cubic-yard 
basis is dependent on the assumption of average effi- 
ciency under average conditions. It is here that the 
contractor should inject known data as to his own 
efficiency. He may, for instance, regularly take a 
bite that is a little larger than average, or he may ob- 
tain a rate of wagon exchange a little better than 
average. ‘These or other conditions may increase his 
output under standard conditions; or he may find 
that with his outfit he can not reach this rate. The 
point to be emphasized is that he should keep accurate 
records and in this way ascertain whether, with his 
particular outfit, he can reasonably use 1,000 cubic 
yards as a standard output or whether he should use 
900 or perhaps 1,100 cubic yards. 

In making up the estimate, the first factor to be 
considered is the length of cut. It has been shown in 
another part of this article’ that the length of cut has 
a marked effect on the output which can be secured 
from the grader, Figure 6 shows the effect of length of 
cut when efficiency 1s normal for both 114 and 2 cubic 
yard wagon outfits. 

In determining the length of cut the mean length 
should be used. Thus, if a 3-foot cut is to be taken out 
in four levels which, by a study of the plans, are found 
to be 200, 340, and 420 feet long, the length of cut 
should be taken as the average or, say, 300 feet. 
This will be a little high if cuts are short, as the pro- 
duction falls off with disproportionate rapidity under 
300 feet. However, the number of cuts requiring very 
short runs is generally so small that the error from this 
cause will not be great. . 

The first operation in preparing the estimate is, 
then, to determine the effect of the prevailing length 
of cut on the output, the yardage produced from a 450- 
foot cut being assumed to be 100 per cent. In the case 
of a 300-foot cut, the output of a 16-horse outfit, 
with normal efficiency, will be 93.4 per cent. (See 
fig. 6, graph A.) If-the cut contains 5,400 cubic 
yards the equivalent yardage is, then, 5,400 cubic 
yards divided by 93.4 per cent or 5,800 yards; 1. e., 
it will take as long to produce 5,400 cubic yards from 
a 300-foot cut as it would take to remove 5,800 cubic 
yards from a cut of average (450 feet) length. The 
equivalent yardage should be determined by 1,000 
cubic-yard units and residual fractions as subsequent 
calculations are best handled in this way. The result 
of this determination for a specific job is shown in 
Table 3, the cut data being obtained from the profile 

2 See Public Rain Mae. 1925. 
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PER CENT OF PRODUCTION 

| 
Fic. 6.—The effect of length of cut and size of wagons on production, operation with 
average management in a 450-foot cut with 114 cubic-yard wagons being considered 
as 100 per cent. (See Table 2.) 

0 | 2 3 4 5 6 7 8 

LENGTH OF CUT-HUNDRED FEET 

lord shown in Figure 7 and the percentage of output from 
graph A in Figure 6. 

The-equivalent yardage would be a direct indication 
of the time required to handle the work if there were 
no long hauls. But there will generally be cuts from 
which the haul will be greater than can be handled by 
the wagon train that has been sent out with the grader. 
This will require a further adjustment of the equivalent 
yardage to allow for wagon shortage. In making this 
second adjustment the wagon travel is analyzed by the 
same 1,000-cubic-yard units to determine the wagon 
supply needed to handle each part of each cut; and, 
the needed supply being compared with the actual 
supply, another equivalent yardage is computed. The 
necessary wagon supply is read directly from the graphs 
shown in Figures 2 and 4 (or 8 and 5, depending on 
whether 114 or 2 cubic-yard wagons are used) ; and the 
data on length of wagon travel and length of cut are 
secured from the mass diagram and the profile, repect- 
ively. The equivalent yardage due to length of cut 
and the equivalent yardage due to wagon supply are 
then scrutinized, and the controlling yardage is deter- 
mined in each case by using the larger. The sum of 
the equivalent yardages so obtained divided by the 
average daily output (here assumed to be 1,000 cubic 
yards) is the number of days’ work to be performed. 

THE METHOD OF ESTIMATING ILLUSTRATED 

For purposes of illustration fill 8 in Table 3 will be 
used. This fill contains 4,754 cubic yards, which must 
be obtained from a cut in which the average grader 
loop will be about 300 feet long. The average wagon 
travel, after adding 50 feet for wagon manipulation, is 
found from the mass diagram to be 1,175 feet for the 
first 1,000 cubic yards, 1,055 feet for the second 1,000 
cubic yards, 940 feet for the third 1,000 cubic yards, 
770 feet for the fourth, and 435 feet for the remaining 
754 cubic yards of material. The percentage of pro- 
duction is found from Figure 6 to be 93.4 for a 300- 
foot cut. These data are tabulated in columns 2, 3, 
4,and 5. Column 6, the result of dividing column 4 
by column 5, gives the equivalent yardage due to 
length of cut and would be an indication of the time 
required to move the yardage into fill 8 if the wagon 
supply were adequate at all times. This wagon supply, 
as previously explained, is obtained from Figures 2 
“aia 4 or 3 and 5, depending on whether 11% or 2 cubic- 
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Fic. 7.—Design of sample grading project 

TABLE 3.—Method of finding economical wagon supply. Cut data taken from design shown in Figure 7 

| 
Parcont: 10-wagon outfit 11-wagon outfit 12-wagon outfit 

Bee of re tea bee et == 
produc- ent aera ae ae 

Length | Haul, Actual tion yardage Wagon Equiva Con- Equiva Con- eave Con- Fill No. é supply lent : : lent ; 4 lent : 
ofcut | distance | yardage | based due to iced Percent- ras trolling | Percent ardave trolling | Percent yardage trolling 

ona length | reduire age of ais ve equiva- | age of es 4 3 equiva- | ageof | “Gqueto | eduiva- 
450-foot of cut supply ze me aa lent supply wagon lent supply wagon lent 

cut supply yardage supply yardage supply yardage 

1 2 3 4 § 6 if § 9 10 8 9 10 8 9 10 
| 
| 

Cubic Cubic Cubic Cubic Cubic Cubic Cubic Cubic 
Feet Feet yards Percent | yards Number | Per cent yards yards Per cent yards yards Per cent yards yards 

eS aie pe 340 | 520 1, 000 95.5 | 1,048 8 100 1, 000 1, 048 | 100 1, 000 1,048 100 1, 000 1,048 
| 450 1, 000 95.5 | 1,048 7 100 1, 000 1,048 | 100 1, 000 1, 048 100 1, 000 1, 048 

365 1, 019 95.5 1, 067 6 100 1, 019 1, 067 | 100 1, 019 1, 067 100 1, 019 1, 067 
FER Be oo a 340 300 545 95.5 671 6 100 545 veil 100 545 571 100 545 571 
Oaseceeeascaee 200 1, 470 1, 000 84.1 1, 190 16 63 1, 585 1, 585 69 1, 450 1, 450 75 1, 335 1, 335 

1, 290 1, 000 84.1 | 1,190 15 67 1, 495 1, 495 73 1, 370 1, 370 80 1, 250 1, 250 
1, 180 1, 000 84.1 1, 190 13 0 1, 300 1, 300 85 1, 175 1, 190 93} 1,075 1, 190 
1, 040 1,000 84.1} 1,190 12 83 1, 205 1, 205 92 1, 090 1, 190 100 1, 000 1, 190 

860 725 84.1 863 10 100 725 863 100 725 863 | 100 725 863 
350 300 84.1 | 357 5 100 300 357 100 300 357 100 300 357 

A eee eee oe 1 200 260 | 315 84.1 375 4 100 315 375 100 315 375 100 315 375 
Le SE Seen 550 935 1, 000 102.5 | 976 13 77 1, 300 1, 300 85 ia eds) 1,175 93 1,075 1,075 

895 1, 000 102.5 976 13 77 1, 300 1, 300 85 1,175 1,175 93 1,075 1,075 
| 870 1, 000 102.5 976 13 77 1, 300 1, 300 85 1, 175 1,175 93 1, 075 1,075 
| 730 1, 000 102. 5 976 11 91 1, 100 1, 100 100 1, 000 976 100 1, 000 76 

500 340 102.5 332 8 100 340 332 100 340 332 100 340 332 
eee 550 700 250 102.5 244 11 91 275 275 100 250 244 100 | 250 244 
(et ere eee 550 1, 765 1, 000 102.5 976 23 43 | 2, 330 2, 330 48 2, 085 2, 085 52 | 1, 925 1, 925 

1, 720 180 102. 5 176 22 45 | 400 400 50 360 360 55 | 327 327 
300 665 820 93. 4 878 9 100 820 878 100 $20 878 100 | 820 878 

600 1, 000 93. 4 1,070 8 100 ‘1, 000 1,070 100 1, 000 1, 070 100 1, 000 1, 070 
510 1, 000 93. 4 1,070 8 | 100 1, 000 1, 070 100 1, 000 1,070 | 100 1, 000 1,070 
415 1, 000 93. 4 1, 070 7 100 1, 000 1,070 100} —-1, 000 1,070 100, ~—-1, 000 1, 070 
325 340 93. 4 364 6 100 340 364 100 | 340 364 100 | 340 364 

rf oe ee = eee 300 465 1, 000 93. 4 1,070 7, 100 1, 000 1, 070 100 ~—-1, 000 1,070 100-1, 000 1,070 
335 252 93, 4 270 6 100 252 270 100 252 270 | 100 | 252 270 

Sch te 300 1,175 1, 000 93.4} 1,070 15 67 1, 495 1, 495 73| 1,370 1, 370 | 80 | 1, 250 1, 250 
1, 055 1, 000 93. 4 1,070 13 | 77 1, 300 1, 300 85 | 1,175 1,175 | 93 1,075 | 1,075 

940 1, 000 93.4 — 1,070 2m 83 1, 205 1, 205 92 | 1, 090 1, 090 100 1, 000 1,070 
770 1, 000 93.4 1,070 10 100 1, 000 1,070 100 1, 000 1,070 | 100 ~—‘1, 000 | 1, 070 
435 754 93. 4 808 veal 100 754 808 100 754 808 | 100 | 754 808 

Casting se 2 ss |e Naren | 2, 256 TDR | OVO (See ew A eee ares PRON | ea Sees ol Soe D256 |. one ee eee 2, 256 
Total | | | 

Yardago|-°-2-s--- caus owe 275,090). s Sass 2. ete oe ee eee Hoge sel | eee Sop 7 7 een ee en See 31; 612) || sows se leeeeenee 30, 644 
' : | 

15.8 cents. 

yard wagons are used; and in this illustration is found 
to range from 7 to 15 wagons (Figure 2 because average 
management has been assumed). 

From the previous discussion and from column 7 
of Table 3 it can readily be seen that an adequate 
wagon supply at all times would not only be uneco- 
nomical but practically impossible. Therefore, an eco- 
nomic wagon supply must be determined and for the 
first trial a 10-wagon outfit will be assumed. The first 
step then is to find the percentage relation of this trial 
outfit to the full wagon supply theoretically required 
to move each 1,000-cubic-yard unit 

size of trial outfit 
column 8 = — SR 

Cost per cubic yard for 10 wagons (outfit cost $130 per day) 15.9 cents, for 11 wagons (outfit cost $135 per day) 15.7 cents, for 12 wagons (outfit cost $140 per day) 

For a 10-wagon outfit, this relation for each of the 
10 10 (19710 d 10 67 

15°13’ 13° 10 "os ee 
77, 83, 100, and 100 per cent, respectively. It will be 
noted that where the number of wagons tested exceeds 
the number of wagons required, the percentage of 
wagon supply is still 100 per cent. This is due to the 
fact that the elevating grader has a definite capacity 
and, when the wagon supply exceeds the required sup- 
ply production does not increase; the wagons simply 
lose time waiting for their loads. Now, by dividing 
the actual yardage by the percentage of wagon supply 
(column 4 divided by column 8) we obtain the equiva- 
lent yardage due to wagon supply (column 9). We 

units moved to fill 8 is 
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compare this yardage;with the equivalent yardage due 
to length of cut (column 6) and in each case place the 
larger yardage, which is the controlling equivalent yard- 
age, in column 10. Material cast directly from the 
grader to the subgrade should also be tabulated in col- 
umn 10. The sum of the controlling equivalent yard- 
ages (column 10) divided by the average daily output 
(assumed as 1,000 cubic yards) gives the number of days 
required to place the actual yardage shown in column 4. 
Similarly the time required for the movement of the 
same material with 11 and 12 wagon outfits may be de- 
termined; and it will be found that 33.2 days will be 
required for a 10-wagon outfit, 31.6 days for an 11- 

wagon outfit, and 30.6 days for a 12-wagon outfit. 
The field costs will amount to about $130, $135, and 

$140 per day, respectively (based on $80 per day for 

the grader unit and $5 per day for each wagon).’ 

Therefore, the unit cost of production on this job with 

Grader: 
17 horses (16 regular, 1 extra)__-..-.-------------------------------------- $12. 00 

1 eight-horse driver (high seat)-...--------------------------------------- 6. 00 

DOM Te OLSOIC TLV Ola ions Seen ae oe ok nn we dann eae eee seo 9. 00 

1 plow shaker--.._.-.---------------------------------------=#------+-=== 10. 00 

1 PANTIES eMC SUT ERO eek he eo i ec er ee Et Pees 4. 50 

41. 50 

Dump: 
TREO OLGOILGR TU eee en ne ne a ee ee era eae owe ta=~ se ee awe =a 1. 50 

il GPT oe pa epee ee al eS a ee ee ee eee Pe eee 3. 50 

fiNelinrri pin Ae oe ee ke oe ee ena 8. 50 

13. 50 

Miscellaneous: 
UT beecotes rr) Cree eee ee ee ee ee ee ee er anne Soe e -o nanan 7. 50 

AICOT OT AT fee eee eee eee een ee i le eS eee te ere 11. 50 

1 laborer (miscellaneous work)------------------------------------------- . 00 

Miscellaneous light repairs..-----------------------------+--------------- 3. 00 

25. 00 

Wagons: 
MOnwagons Ab $0.00. oe) 32-2 oo ane es ee no senna name 50. 00 

MI WAPONS Bb h0 00s 22-625 enna eee oan one wen eon 55, 00 

M2 wagons at $0,006. - 2-2 --2== 85 = a2 a an = et RY 60. 00 

Total field costs: 
MO=WAC OM OUT Gaee eens note ae arene a ae tne 130. 00 

ee wacon OUbitaee sso. se ee Seca e ean nan ee 135. 00 

PEWOPOUIOUbL be eee Sane fe eae ae See oe ean 140. 00 

The above figures are illustrative only. Ina general way they reflect field costs aS 

they are to-day, but there is so much difference in wage standards in different camps, 

particularly in the higher positions, as well as in the composition of the working 

foree—that no estimate of this sort can be set up as standard. Each contractor must 

make his own estimate based on his own wage scale and organization. 

9 33. X130_ 15 9 cents per ~ 27,096 
, 31.6 X 135 _ 

cubic yard; for an 11-wagon outfit, 97,096 Loe 

a 10-wagon outfit will be 

cents per cubic yard; and for a 12-wagon outfit, 

30.6 x 140 37,096 7 158 cents 
the economical supply is 11 wagons. 

There are some minor adjustments which could be 
made in this sytsem of estimating to slightly increase 
its accuracy. The method used, however, has been 

found to yield results generally differing from those of 
the more detailed methods by less than a tenth of a cent 
per cubic yard. These minor adjustments, therefore, 
are felt to be of no practical value. 

THE EFFECT OF DESIGN ON COST OF GRADING 

per cubic yard, indicating that 

There is a great variation in the relation between 
equivalent yardage and the actual yardage from project 

to project. This difference brings into view the effect 
of the elements of risk which have been discussed in 

this series of articles and offers at once a convenient 

and a valuable basis from which to study both design 
and the cost of construction. Obviously, the ideal 

project would be one so designed that the grader could 

always produce at least a standard output and that a 

normal wagon train could at all times handle all of this 

output. In that case actual yardage would equal 

equivalent yardage. But projects so designed are rare. 

Table 4 shows the actual yardage, the equivalent yard- 

age, and the relation between them, for various wagon 

trains which might be selected for use on the three 
designs, A, B, and C, discussed in the second part of 

this article.* 
In the original design, A, with the most economical 

length of wagon train, equivalent yardage exceeds 

actual yardage by about 17 per cent. This means, of 

course, that production will cost 17 per cent more on 

this project than it would cost on a project of ideal 

design requiring the same wagon train. In the first 

redesign, with the most economical length of wagon 

train, equivalent yardage exceeds actual yardage by 

about 13 per cent, and in the second redesign the excess 

is about 11 per cent. This indicates that in each of 

these designs there has been a failure to completely 

adjust the design to the most economical length of 

wagon train. From the contractor's stand oint it 

means that average production will unavoidably be 

below standard. 
Such an analysis as the one here developed also makes 

it possible to select the most economical wagon train. 

. 3 Approximate field costs: 
4 See PUBLIC ROADS, vol. 6, No. 3, May, 1926, 
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TaBLE 4.—Actual and equivalent yardage and their relationship for designs A, B, and C 

6-wagon outfit 7-wagon outfit 8-wagon outfit 9-wagon outfit 10-wagon outfit 11-wagon outfit 12-wagon outfit 

Design actual! font | in. [Actuall'atent | tn [Actuall'afent | mn /Actuall'aient | tn /Actuall/aione | tm. [Actuall/afent | tn (Actuall’aiont | In- 
REINO yard- | crease poser yard- | crease he ng yard- | crease tbe 5 yard- | crease 7 5 yard- | crease ve 6 yard- | crease che yard- | crease 
abe | “age Be | “age Be | age | Be | “age Be | “age Be | “age age 

Cubic | Cubic| Per | Cubic| Cubic| Per | Cubic| Cubic} Per Cubic | Cubic! Per | Cubic| Cubic| Per | Cubic| Cubic| Per | Cubic| Cubic| Per 
yards | yards | cent | yards | yards | cent | yards | yards | cent | yards | yards | cent | yards | yards | cent | yards | yards | cent | yards | yards | cent 

Original An so). eee ese Re Sale etl ae a | See Ee cle | os ees | a5 eee 27, 096) 33, 177 22| 27, 096)! 31,612) 17| 27,096) 30, 644 13 
First rede- | | | | 

sign- B____- fcr a | oe ee Se ee ees 2 | Sa ae 26, 573) 31, 480) 19 26, 573)! 29,887 13) 26, 573) 28, 947 Oe Pe eS 2 eo. lane eee tee en eee 
Second rede- | | | | 
Bign wees 27, 446) 33, 663) 23) 27, 446) 130,445 11 | 27, 446} 29, 419 hes eee | wsowndaloauses)| kn owa ae awa nas oes Set iee ese | tee a eee eee ere ee eee 

1 | 

1 Economical wagon train. 

It will be observed that the number of wagons assigned 
to at outfit may materially influence the unit cost. 
This is, of course, due to the fact that as the size of the 
outfit increases the percentage of the total material 
which can be hauled without delaying the grader 
increases. However, the cost of operating the outfit 
increases as the wagon train increases. The two, 
therefore, tend to offset each other, a circumstance 
which accounts for the fact that for each job there is 
an outfit most economical for the haul conditions 
prevailing. So important is this latter phase that it 
should always be examined quite as carefully as the 
effective yardage. Thus, in the designs which have 
been used as an illustration, the most economical 
wagon train for design A is 11 wagons; for design B, 9 
wagons; and for design C, 7 wagons. Increases or 
decreases from these wagon supplies would tend to 
cause increased production cost. This also has a bear- 
ing on cost, for obviously an outfit operating 11 wagons 
will cost more than one operating 7 wagons. In this 
case the net result is that under the original design 
even when 11 wagons are used the work will take 17 
per cent more time than an ideal design would require, 
while in case C, with 7 wagons working, about 11 per 
cent excess time is required. The effect on production 
cost is obvious. 

With an estimate developed in this way the con- 
tractor may schedule his work as described in the 
previous articles on wheelers and fresnoes.’ It is not 
necessary to redescribe the method here. It may, 
however, be remarked that a time schedule of operation 
is quite as valuable a control on this work as on other 
grading work. 

THE EFFECT OF THE CHARACTER OF THF EARTH MOVED 

Nothing has been said in this article in regard to 
differences in the character of the material to be 
handled as affecting cost. The reason for this is that, 
as with other forms of dirt-moving equipment, the 
character of the material, while often differing a good 
deal from cut to cut, tends to average into rather a 
constant factor. Undoubtedly there is a difference in 
the power required in taking out different classes of 
material. In some the bull wheel functions better 
than in others. The dynamometer studies, now in 
progress, are expected to yield data on these points. 

5 See PUBLIC RoaDs, vol. 5, No. 7, September, 1924; vol. 5, No. 8, October, 1924; 
and vol. 5, No. 10, December, 1924. 

In rare instances, as where fine dry sand, especially 
heavy soil, and ground tending to become marshy, ete., 
will be encountered in considerable amount, the con- 
tractor should make allowance for soil conditions by 
reducing the assumed output from 10 to 30 or perhaps 
40 per cent, as his experience may dictate. This will 
not, however, correspondingly increase production 
cost as his wagon train can be somewhat reduced if 
the output is likely to be consistently low. 

Where bowlders will be encountered, the cost of the 
outfit per day should be modified to include under 
miscellaneous expenses the men and teams needed to 
get the rocks out of the working area. On the projects 
which have been studied the bowlders have varied from 
none to enough to keep two teams, with drivers and 
two extra men, at work all the time. As bowlders, 
even in some quantity, do not materially affect the 
output of the grader, the expense of removing them 
should be estimated as a miscellaneous expense, but 
generally there need be no allowance for reduction in 
output. 

There are a number of other aspects of elevating- 
grader work which deserve consideration. Some_ of 
these require further study and others can be more 
appropriately considered in a general discussion of 
grading work. They are therefore omitted at this 
time. 

WENDOVER CUT-OFF COMPLETED 

The official opening of the Wendover Cut-off across 
the mud flats and salt beds of the Great Salt Lake Des- 
ert was held on June 13 at Salduro, Utah. The com- 
pletion of the road, 41 miles long, opens the way for 
transcontinental and interstate travel between Salt 
Lake City and northern and central California and 
brings to a successful conclusion a five-year effort to 
bridge the age-old obstacle of the salt desert. 
A part of the road is built upon a solid layer of salt, 

which is permanently protected from disintegration by 
a clay cut-off wall. In the construction work horses 
could be employed only with the greatest difficulty; all 
fresh water had to be hauled for many miles, and forsey- 
eral miles the roadbed was completely submerged in 
brine for months at atime. Excavating machinery of a 
new design was necessary to handle the material from 
beneath the salt beds to its place in the embankment. 
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CONDITION OF THE OHIO POST ROAD AFTER 10 YEARS 
UNDER TRAFFIC 

A SURVEY MADE FOR THE DIVISION OF TESTS, UNITED STATES BUREAU OF PUBLIC ROADS 

Reported by F. H. JACKSON, Engineer of Tests 

siderable length to be constructed in the United 
States was laid in 1914 and 1915 on a section 

of the old National Road between Zanesville, Ohio, 
and the Moscow bridge over the South Fork of the 
Licking River, a distance of about 24 miles. The 
pavement, built under the joint supervision of the State 
of Ohio and the United States Bureau of Public Roads 
and known as the Ohio Post Road, has now been under 

@): K OF the first concrete pavements of any con- 

The present condition of the Ohio Post Road is generally good. There is no scaling 
and only a moderate amount of surface wear 

traffic for more than 10 years and is still in good 
condition. 

Fortunately there is available a detailed record of 
the materials and methods used in the construction 
and there is the possibility, so often lacking, of studying 
the present condition in the light of the conditions 
obtaining during construction. With this possibility 
in view the road was inspected for the Bureau of 
Public Roads in November, 1924, and observations 
made at that time are recorded in this article. 

One condition that stands out very clearly is the 
greater amount of cracking that has occurred in parts 
of the pavement in which uncrushed gravel was used 
as the coarse aggregate in comparison with other parts 
in which the aggregate was crushed limestone. There 
were about twice as many full transverse cracks per 

mile in the gravel as in the limestone concrete sections. 
Another noticeable condition is the entire absence 

of scaling, which the writer attributes to the fact, as 
evidenced by the records, that the sand was excep- 
tionally clean, the mix dry and the finishing moderate. 

So excellent is the surface in this respect, and so strong 

the indications of the records that the result is due to 

the construction conditions mentioned, that the 

writer feels justified in saying that more careful atten- 

tion to these details should go far toward eliminating 

scaling on new construction. es fw 

The observations also add to the evidence which is 

piling up from similar investigations in many parts 

of the country that there is an intimate relation be- 
tween the extent of cracking in concrete pavements 
and the character of the soil immediately below the 
pavement. In the Ohio Post Road, as in the Columbia 
Pike in Virginia,’ and other roads which have been 
the subject of recent reports, the greatest amount of 
cracking has occurred on soils of high clay content. 

GENERAL DESCRIPTION OF THE ROADS 

Ten of the 24 miles were surfaced with 1:1%:: 
concrete using the uncrushed gravel aggregate, the 
remaining 14 miles with 1:184:3 concrete in which 
the aggregate was crushed limestone. Throughout 
its entire length the pavement is 16 feet wide and the 
slab, which is 8 inches thick at the center and 6 inches 
at the edges, rests on a flat subgrade. Contraction 
joints were spaced 30 feet apart and were skewed at 
an angle of 15° with the center line of the road. One 
thickness of two-ply tar paper was used in the joints 
except for a few miles on which 14-inch premolded 
expansion joints were tried. 

The macadam surface over which the concrete was 
laid had received practically no attention for a number 
of years prior to the improvement so that it was in 
a very poor state of repair. In many places the stone 
had disappeared entirely and during wet seasons, 
sections of the road became almost impassable. With 
few exceptions the line of the survey for the improve- 
ment followed the center line of the old road, and in 
no case was the departure greater than 10 or 15 feet. 

Longitudinal cracks show a negligiole amount Pavement in excellent condition. 1 } 
of vertical faulting 

i—4 

The maximum grade of the improved road is 7 per 
cent. The soil of the region which the road traverses 
consists for the most part of a heavy red clay with 
here and there an admixture of blue pipe clay which 
is very difficult to drain. The topography is rather 
rugged, affording good natural drainage for the most 
part, there being only about 134 miles at the extreme 
western end of the improvement—a practically level 
stretch—in which this condition does not obtain. 

1 See PuBLic Roaps, vol. 5, No.8, October, 1924, 
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MATERIALS AND CONSTRUCTION METHODS 

Records of the physical tests made on the Portland 
cement used indicate that it passed all of the usual 
requirements. 

The sand, obtained from a washing plant at Dresden, 
Ohio, was exceptionally well oraded and clean, as 
indicated by the results of the typical analyses and 
tests shown in Table 1. In view of the following 
description of the surface appearance of the pavement 
to-day, it is of interest to note that the maximum silt 
content shown by any of these analyses was 2.6 per 
cent, and that the maximum passing a 100-mesh 
sieve was 4 percent. In only one of the eight analyses 
reported was the silt content greater than 1.3 per cent. 

As previously stated, both uncrushed gravel and 
crushed limestone were used as coarse aggregates. 
The gravel was obtained from the same source as the 
sand and was of good quality. The limestone, also of 
excellent quality, was obtained from one of the Scioto 
River quarries near Columbus, with the exception of 
that used in about 4,500 feet of the pavement, which 
was obtained from a local quarry. The characteris- 
tics of both materials are indicated in Table 2. 

The water, pumped from streams crossed by the 
road, was also of good quality. 

TABLE 1.—Results of tests of sand 

Mechanical analysis—Total retained on sieve number 

Sample No. — s % aie pa eae at lr | Silt 

LOM neeO 30 40 50 80 | 100 | 
tye 22: Ses 9 | 

Per ct. IRR ON JaAe el Setap ein, || Seca aie || JM Gis |) AEE || IEA ie 
18 | 34 49 63 84 97 98 | 0.7 
16 | 33 52 69 91 99 99 0.3 
|, nel 44 64 88 97 98 1.3 

14 26 47 62 81 93 96 0.5 
10 22 42 60 88 99 99 | 0.0 
4 19 | 45 68 89 96 98 0.5 

17 41 | 65 78 91 96 98 1.3 
19 41 | 62 74 88 95 97 2.6 

TABLE 2.—fesults of tests of coarse aggregate 

Mechanical analysis—total retained on 
e screens 

sent | Mater- | Wear Tough-| Hard- 
Ko ial — = ness | ness 

114-inch} 1-inch | 34-inch | %-inch | 34-inch | 

= | i SS 

" Per ct.| Per ct. | PERI Ct NE EVaChat| WLAEN Chea ah ef Cla eLieiaClal| Ler) Ct 
tae. Sess Lime- 9 44 | 73 96 LOO Wika oe obs Se eee 

stone. | 
Fe ae Kee dose 3 59 | 80 97 LOO Hse see, el Ae Re |e eee 
Ee eee ee GOs ee 13 | 51 90 cL OQ ss Sees =e | CANS ote Pere ogee 
By Rea (6 C0 pai [pepe es 5 tea ik oe: BP tere See S| Se Bl fae Om 3.4 8 16.7 
5 Oe eae GOs Sit SSR eee SEAN cw te | ca R me Aaa ig Meee 3. 2 5 15.8 
GS naeeiess lc ets Ee ee SER ee ee 0 Ee Be cilgee eo 3.3 12 18.5 
1 ee es) eee Gonsiy ss Ne eRe IL Sy Sete ee ne eee 3.9 15 17.6 
Quits oe: Gravel eeese 5 31 72 Di AER tHE att ELIE. Ao Se eee 
OU, Seal ee dora ee 24 | 45 73 OG Naren | oe See | eee 
ioe Ade Conc besa | 4 | 15 37 yy ieee Bee Pe Soa Bee eS 
i dos: 1 GLI" B87 49 Re eel BST Sa ead 
ify eae te Oni naan | 6 | 17 50 Soi esse ese ee 

All materials were conveyed from the railroad sidings 
to the job by means of an industrial railway constructed 
along the right of way. Aggregates were stored on the 
subgrade and were proportioned by means of wheel- 
barrows of such size that the desired quantities were 
secured by striking off the materials level with the tops. 
The concrete was mixed in one-half cubic yard paving 
mixers of the boom-and-bucket type, and in general 
the mixers were so operated that each batch of concrete 
remained in the drum at least 45 seconds. Great care 
was exercised to regulate the consistency of the mix 
so that the concrete would hold its shape after being 

placed, struck off, and finished. All reports on file 
indicate that more than usual attention was given to 
this feature, and that the concrete was, if anything, too 
dry rather than too wet. This point is also of interest 
in view of the present condition of the pavement. The 
concrete was struck off by means of a wooden strike 
board and tamped with a steel templet 6 inches wide 
and shaped to conform to the surface. 

The work of finishing the surface proceeded imme- 
diately after the tamping and was accomplished by 
means of wooden floats of two sizes; one about 8 feet 
long, operated by two men, and the other about 2 feet 
long, operated by oneman. ‘The long float was oper- 
ated from two bridges and was shoved back and forth 
longitudinally across the pavement. The short one 
was for final finishing. For the most part the surface 
was brought to final finish not more than 50 feet behind 
the mixer. Although the finish was good, there was no 
attempt to secure a surface of exceptional smoothness, 
such as is frequently made in current practice. There 
was consequently little tendency toward overfinishing. 
Thus, it is noted that three of the factors which from 
time to time have been brought forward as causing 
surface scaling, viz, excessive fine material in the sand, 
wet mix, and overfinishing, were conspicuously absent 
on this job. 
A canvas cover was spread over the surface of the 

concrete as soon after it was finished as possible. From 
15 to 24 hours after laying, the canvas was removed and 
a 2-inch earth covermg was placed and kept contin- 
uously wet for a period of two weeks, after which it was 
removed and the road opened to traffic. 

Typical results of compressive tests of concrete cylin- 
ders taken from time to time during the progress of the 
work are shown in Table 3. It will be noted that the 
crushing strength at 14 days of the 6 by 6 inch cylinders 
of both kinds of concrete ranged from about 2,400 to 
about 3,400 pounds per square inch. The average 
strength of both the gravel and the limestone concrete 
at 14 days was approximately 2,800 pounds per square 
inch. 

TaBLeE 3.—Crushing strength of stone and gravel concrete 

Specimens: 6 by 6 inch cylinders. 
Age: 14 days (10 days under damp earth). 

| 

|Crushing| Crushing Crushing | Crushing 
| strength | strength strength | strength 

Set | of 1:124:8 | of 1:134: 3 Set | of 1:134:3 | of 1:184:3 
gravel | limestone | gravel | limestone 

concrete | concrete concrete | concrete 

Pounds | Pounds Pounds | Pounds 
per per per per 

square square square square 
inch inch inch inch 

(ee ace bee See 3, 280 32430.) be eet aee ees oe eee 2, 855 2, 935 
3, 170 3, 060 2, 745 3, 210 

rome eS sees 3, 840 Be ak 3, 250 
Di pat be Meta Re Ret 2, 440 2660) | Cea eee eee eee! ON GEST 13,070 

2, 450 2, 770 2, 650 13, 180 
2, 520 | 2, 760 2, 820 13, 430 

Bi Seth bate Pe 2, 395 DeAB: || AY ese wae oe aes 2, 760 12,790 
2, 550 | 2, 335 2, 995 13,160 
2, 270 | 2, 390 2, 925 13,275 

A ON Ieee, ee 3, 350 9.390: |\#Se noes ee eee iw dy S, 120i) 2asee ees 
38, 120 2, 440 | 2;.620 ee eee 
3.620) 4 eee LW 34.00): | een 

1 Specimens 28 days old and 14 days under damp earth. 

RELATIVE CRACKING OF GRAVEL AND LIMESTONE CONCRETE 

As the same sand and cement and the same details of 
construction were used throughout, the possibility of 
comparing the behavior of the two kinds of concrete 
was anticipated when the road was built, and two 

Sah Ti ah rte ee Ae lt Ea er 99 OL RTD - ng CE 

Pp hey ee 
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special experimental sections were laid. The sections 
were so located as to have practically identical traffic, 
subsoil, and drainage conditions. Both were con- 
structed through gently rolling country; each contained 
Beate the same amount of pavement through 
cut and on fill; and each was constructed with contrac- 
tion joints varying from 30 to 100 feet apart, the dis- 
tance changing by increments of 5 feet and repeating 
for a distance of approximately 1 mile in each case. 
All the conditions on these two experimental sections 
being so nearly alike with the exception of the kind of 
coarse aggregate it is interesting to compare the relative 
amount of transverse cracking which has taken place 
in them during the 10 years since they were con- 
structed, and with this in mind a detailed crack survey 
was made at the time of the recent inspection. 

The results of the crack survey are reproduced in 
Figures 1 and 2. It will be seen at once that many 
more cracks appear in the uncrushed gravel section 
than on the crushed limestone section. The relative 
amount of cracking may be determined in a number of 
ways. Tor instance, by counting the actual number of 
concrete slabs formed by the cracks and joints on each 
section and dividing into the total area of the section, 
we obtain the average area of concrete slab in each 
section after the 10 years of service. Calculated in 
this way, we find that the average area of the concrete 
slabs as they exist to-day on the gravel section is 137 
square feet, whereas the average area of the slabs on 
the limestone section is 320 square feet—about two 
and one-half times greater. Comparison of the two 
sections likewise shows that, whereas on the gravel 
section every one of the original slabs has cracked at 
least once, on the limestone section there are 11 slabs 
still intact. One of these is 20 feet long; four are 30 
feet long, two, 35 feet long; two, 40 feet long; one, 45 
feet long; and one, 50 feet long. There are 230 full 
transverse cracks on the gravel section and 107 on the 
limestone section. The full transverse or contraction 
cracks on the gravel concrete section average 24 feet 
apart as against 54 feet on the limestone concrete 
section. 
Inasmuch as soil, drainage, and traffic conditions are 

practically identical, it would appear that the difference 
in cracking was due to some characteristic of the con- 
crete itself. As previously stated, a slightly richer 
mix was used in the gravel concrete—i. e., 1:114:3 as 
against 1:13¢4:3 for the limestone concrete—but all 
other factors remained exactly the same, with the 
exception of the coarse aggregate. It is fair to assume, 
therefore, that the difference in the cracking of these 
two sections is due to the character of the coarse aggre- 
gate used. Results of typical compression tests of the 
concrete made on specimens cast at the time of con- 
struction are given in Table 3. It will be noted that 
there is very little difference in the crushing strength 
of the two classes of concrete. Unfortunately, there 
are no transverse tests of the concrete available, but it 
is possible that the difference in cracking is due to the 
high tensile strength of the limestone concrete. 

RELATION OF CRACKING TO CHARACTER OF SUBGRADE SOIL 

During the course of the inspection, 10 samples of 
subgrade soil were obtained from beneath the edges of 
the pavement—5 on the crushed limestone section and 
5 on the uncrushed gravel section. Certain of these 
samples were taken at points where extensive crackin 
had taken place and others on sections which ha 

cracked very little. The results of physical tests of 
the samples are given in Table 4, aaa the exact loca- 
tions from which they were taken are indicated on 
Figures 1 and 2. The figures in circles on these charts 
indicate the numbers of the soil samples. 

TABLE 4.—Results of physical tests of subgrade soils 

| 
| 

Mechanical analysis | | 

Rela- = ; | + S 
tive & 2} Material passing | 3 2 g = 

amount ‘bos | 10-meshsieve | & 5 q A 
of Classification of |'5 $77 : ta 2 e a 

. | erack- soil BS l it see S D “3 
© | ingin S 8 Sanens 2 a 
4 | con- = of | o> | b ie] S 
2 | crete ! ‘aS = 3S as | 3 a Fe ae * Oe lecad S| a 
| easi a /2i]/8)s|2)181e 
a a ea See ES. SP eh AUi ew fs 
oh kan, an ae 7 7 7 a 7 | 7 ay | on a 

Pret. P. cbal\ 2. ct. P..cte| Pacts! Pct; || Pack. 
1 | Large_| Clayey silt___..-- 5 15 43 42 20 30 17 23 
Zee ape) SUL ViGlAy2es eee 9 11 42 47 19 | 29 15 19 
balers oS ke MQeee == es See 8 8 26 65 22) 3i 23 26 
4 | Small_| Clayey sand_____- 18 45 19 36 15:) 229 20 16 
5 | Large_| Silty clay__.._.--- 9 12 34 54 21| 29 16 24 
Gilaee AG: Sane at eS COR rts 6 18 35 47 22; 29 22 38 
CAN c yeah GS ees done ef 28 | 35 37 18 | 26 18 14 
Somer down eee dos = wer: cy AiR Be TS i S38 (ae a 23 

10 |_-.do.__| Clayey silt. .....- Telemed ee oS fee Son ae LO em Soe Le 18 
DL WSS -douce|) wilty clays elec. - 12 14 | 36 50 19; 30 16 21 

| 
| = 8 ae 2S. — ee 

1In general the use of the term “large’’ indicates the presence of longitudinal 
cracking in addition to the usual transverse cracks, and the use of the term ‘‘small’’ 
the absence of longitudinal cracks. . 

ad 

Bart 
. 

The shoulders are below the edges of the pavement in places but, in general, the 
drainage conditions are good 

Although the number of subgrade samples is too 
small to warrant drawing any definite conclusions, 
attention should be called to certain indications which 
seem to show that the amount of cracking may be 
influenced by the character of the underlying soil. 
For instance, the soil represented by sample No. 3, 
which showed a very high clay content, 65 per cent, 
with only 8 per cent of sand and a moisture equivalent 
of 22 per cent, was taken from beneath the pavement 
at a point where considerable cracking had taken 
place. The transverse cracks at this point averaged 
15 feet apart with a longitudinal crack, offset slightly 
from the center on the side from which the sample 
was taken. Again, sample No. 5, carrying 54 per 
cent clay, 11 per cent sand, and a moisture equivalent 
of 21 per cent, was taken from a point under slab No. 4, 
which had cracked in several places. On the other 
hand, sample No. 4, which was taken from under the 
center of slab No. 11, contained only 36 per cent clay 
as against 45 per cent sand and a moisture equivalent 
of 15 per cent. At this point no longitudinal crack 

(Continued on page 92) 
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A > FABIE MY ES lei@l BITUMINOUS MIXTURES’ 
DEVELOPED BY THE DIVISION OF TESTS UNITED STATES BUREAU OF PUBLIC ROADS 

Reported by W. J. EMMONS, Highway Research Specialist, and B. A. ANDERTON, Chemist 

HREE years ago the United States Bureau of 
Public Roads undertook the study of the stability 
of bituminous paving mixtures. The program 

adopted embraced both experiments upon especially 
constructed pavements and investigations in the labor- 
atory using compressed specimens, the objects being to 
develop a test which would render possible the pre- 
determination of the relative stability of combinations 
of materials and ultimately to evolve a theory of 
proportioning. 

Late in 1922 a circular track or roadway was paved Pp 
with 27 asphaltic concrete mixtures of widely varying 
proportions laid on a smooth concrete foundation. 
Traffic was applied in the form of a loaded truck, 
commencing in October. During the ensuing winter 

all of these mixtures 
showed no displace- 
ment, but with the 
advent of warm 
weather shoving be- 
gan to occur. By 
the end of July refer- 
ence screws set in the 
mixtures showed that 
movements had oc- 
curred in all sections, 
virtually impercep- 
tible in some and 
amounting to several 
feet in others. Al- 
though this test was 
designed primarily to 
determine relative re- 
sistances of mixtures 
under traffic for the 
purpose of correla- 
tion with the desired 
laboratory test, it 
was natural to at- 
tempt to draw direct 
conclusions from 
their behavior. Such 
conclusions, however, 
were confusing and 
evidently  incon- 
sistent. 

During the winter 
of 1923-24 sawed 

; ' specimens of these 
Fic. 1.—Mold and tamping apparatus for use mixtures were sub- 

SE og jected to compression 
tests and laboratory investigations were made upon the 
component sand mortars and coarse aggregates. Re- 
sults of the latter in connection with the observed action 
of the track indicated the essential importance of 
developing the factors influencing the behavior of sand 
mixtures independently of the presence of the coarse 
particles. Therefore, in July, 1924, the asphaltic 
concrete sections were removed and in their place a 
second series was constructed.‘ This time 33 sections 
were laid, of which 5 were asphaltic concretes and 28 

! Presented at meeting of American Society for Testing Materials, held at Atlantic 
City, June 22-24, 1925. 

were sheet asphalts, the customary intermediate binder 
course under the latter being omitted. Following the 
installation of measuring devices and thermocouples, 
traffic was started about the Ist of September and, 
after being suspended during the winter months, has 
now been resumed. Several of the mixtures have 
already been displaced to some extent and it is antici- 
pated that marked differences in their respective 
resistances to displacement will be shown by all of the 
sections before the warm months have passed. 

LABORATORY TEST DEVELOPED 

Meanwhile, considerable has been accomplished in 
the way of developing a laboratory test by means of 
which it is hoped to reproduce in terms of laboratory 
results the demonstrated relative stabilities of the 
service test mixtures. A test has been developed 
which differentiates between mixtures of varying com- 
Posen, and although it is as yet in somewhat tentative 
orm it appears decidedly promising. Results indicate 
that it is probably applicable to mixtures of both fine 
and coarse graded types. The test involves the mold- 
ing of a rectangular slab of the mixture and, by pressure 
exerted on one side of the confined specimen, extruding 
a certain portion through openings in the sides and 
bottom of the mold. Specimens used in this test are 8 
inches long, 6 inches high, and 214 inches thick. The 
mixtures are prepared by hand or mechanical mixing 
and are compressed in a collapsible steel mold, the sides 
of which are slightly greased. Compression is obtained 
by means of an electric hammer to which a square-ended 
tamper is fitted. The hammer being used works on the 
electromagnetic principle and strikes about 1,500 blows 
per minute. As the heated composition is fed in small 
increments, the mold is gradually filled and finally struck 
off to a level surface by means of a hot iron. Five to 
eight minutes are required to mold a specimen by this 
method. Figure 1 shows the apparatus used in the 
process of forming a specimen. 

Although sheet asphalt mixtures can be molded into 
specimens under gradually applied pressures as im- 
posed by a testing machine, it has been found that 
adequate compression can not be obtained in the case 
of asphaltic concretes without fracturing the stone 
particles. With the trap-rock aggregates used in the 
tests thus far, this method of tamping has resulted in 
very little breaking of the aggregate, even when the 
voids in the specimens made have been low. 

The strength or resistance to displacement as meas- 
ured by the several methods of testing attempted is 
largely dependent upon the density to which the speci- 
mens are compressed. Consequently, at some time 
previous to testing, the compacted specimen is removed 
from its mold and its specific gravity determined. From 
the known specific gravities and the proportions of the 
constituent materials the percentage of voids in a 
specimen is calculated. 

DISPLACEMENT CAUSED BY SHEARING FORCES 

It is apparent that the force which results in the 
longitudinal displacement of the bituminous surface 
is a shearing force. When the mixture is compressed 
under the roller the aggregate particles occupy certain 
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positions with relation to each other, and in combi- 
nation with the bituminous binder possess to a greater 
or less degree strength to resist the forces which tend 
to change this structure. If, under conditions affecting 
the plasticity of the mixture, forces are applied of 
sufficient magnitude the aggregate particles move over 
one another and occupy new positions, giving rise to a 
different internal structure which may be less strong 
than the original. With greatly reduced strength 
waving will ensue, or, under a condition of extreme 
plasticity, rutting may result. Such a mixture must be 
regarded as unstable under the traffic, climatic, and other 
local conditions to which it may have been subjected. 

It is felt, therefore, that the proper test for stability 
should be essentially one of shear and that the force 
applied should in some manner cause an internal 

DESCRIPTION OF THE TEST 

The testing form or mold provides three openings for 
the extrusion of the mixture, the center 4 inches of the 
bottom and the lower 3 inches at each end. Figure 2 
illustrates the construction of the testing mold and its 
position upon bearing plates during the application of 
the load. The testing mold is identical with that 
used in forming the specimen except that full height 
end plates are necessarily used during that process. 

Subsequent to the determination of the specific 
gravity of the specimen, it is confined in the testing 
mold and immersed in a water bath maintained at 
60° C. A generous time has thus far been allowed to 
raise the specimen to this temperature, but it is prob- 
able that an immersion period of 4 hours is sufficient. 
The selection of 60° C. as the testing temperature was 

Fig. 2.—Diagram of testing mold and base plates 

movement and rearrangement of the particles without 
leaving them free to dissociate themselves completely 
during the progress of the test. The expedient of sub- 
jecting to pressure a specimen confined in a mold and 
forcing it through a single restricted orifice seems to 
fulfill these conditions and appears to be quite satis- 
factory for the testing of fine-graded mixtures. Con- 
siderable experimentation with such a single opening 
has already been made by other investigators, using 
varied sand aggregates and fine mixtures. It is felt, 
however, that this method is not likely to prove success- 
ful for use with mixtures containing coarse aggregate 
since, in specimens of a reasonable size, the forced 
rearrangement of the original position of the coarse 
fragments will result merely in the formation of a new 
and articial internal structure with arching of the 
particles over the orifice, rendering a,determination of 
the original resistance impossible. 

The test here described is intended to be applicable 
to the entire range of aggregate sizes, and minimizes the 
objectionable arching action by permitting individual 
fragments considerable latitude in direction of move- 
ment. 
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Fic. 4.—Specimens of asphaltic concrete and sheet asphalt after testing 
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Fic. 5.—Relation between percentage of voids and strength of sheet asphalt con- 
taining three percentages of bitumen 
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Fic. 6.—Relation between percentage of voids and strength of sheet asphalt con- 
taining three percentages of filler 
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Fic. 7.—Relation between percentage of voids and strength of stone asphaltic con - 
crete with three percentages of bitumen 

made as the result of thermocouple measurements of 
temperatures in the service test pavements. This 
temperature was reached during extremely hot periods 
when, of course, the pavement mixtures were also 
most susceptible to displacement. 
When ready for testing the mold containing the 

specimen is placed upon the properly spaced base 
plates in a metal tank containing water at 60° C., 
which is in turn placed upon the weighing table of a 
20,000-pound compression machine. The load is 
applied through a spherical bearing block which rests 
upon a steel plate having a one-sixteenth inch clearance 
around the sides of the mold. The machine is run at 
its slowest testing speed, which with this machine 
lowers the head at the rate of 0.073 inch per minute. 
The loads are observed at 0.5-millimeter intervals of 
deformation. ' 
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RELATION BETWEEN aero AND VOIDS IN BITUMINOUS 
Ss 

Figure 3 shows typical stress-deformation curves re- 
sulting from tests of both sheet asphalt and asphaltic 
concrete mixtures. In all tests of the former type a 
very definite maximum load is reached, after which 
deformation of the specimen progresses under a de- 
creasing load. ‘This statement is also true of the as- 
phaltic concrete mixtures tested thus far, provided that 
in the process of molding a specimen a good density is 
obtained. Specimens of this type ea are not well 
compressed frequently do not exhibit definite points of 
failure, although indications evidenced by periods of 
continued deformation under constant load are often 
noted. This situation, however, is not likely to prove 
disturbing, since it is improbable that much useful 
information can be obtained from specimens which are 
not compressed to densities comparable with those 
attained in construction work. Poorly compressed 
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Fia. 8.—Relation between percentage of voids and strength of gravel asphaltic con- 
crete 

specimens were, however, purposely made to determine 
the limits of usefulness of the test being developed. 
In Figure 3, specimens 452 and 538 were poorly com- 
ressed; specimen 516 was molded to a high density. 
he differences in behavior due to these conditions are 

clearly shown by the shapes of the curves. 
Figure 4 illustrates the condition of tested specimens 

after they are removed from the testing molds. They 
are shown here in an inverted position. The center 
specimen is composed of a sheet asphalt mixture, while 
the end ones are of asphaltic concrete. In the vicinity 
of the mold orifices the internal structure of the tested 
specimens is entirely disrupted; and when the test is 
carried as far as was done in the case of the specimen 
shown at the left, the extruded material crumbles read- 

ily. No fracture of coarse aggregate resulting from 

deformation under test has been noted in the extruded 
material. 

_ Figures 5, 6, 7, and 8 show the relation between voids 
in a large number of the specimens and their respective 
maximum strengths, or, in the case of the lower-density 
asphaltic concrete specimens, the load at which the 
form of the stress-deformation curve seems to indicate 
a reduced stability. The proportions used in these 
mixtures were varied in such manner as to indicate the 
sensitivity of the test. A Potomac River sand possess- 
ing a grading commonly regarded as suitable for light- 
traffic sheet asphalt construction was used in all these 
specimens. Limestone dust served as a filler and a 
Mexican petroleum asphaltic cement of 55 penetration 
was used throughout the work. ‘Trap rock graded 
from 11% inches to one-fourth inch, but containing a 
considerable number of fragments whose greatest di- 
mension was 2 inches, was used in the stone asphaltic 
concrete. Gravel graded between the same limits con- 
stituted the coarse aggregate in the series of tests whose 
results appear in Figure 8. 

Figures 5 and 6 indicate differences in the strength 
of the sheet asphalt mixtures resulting from changes 
in the bitumen and filler contents, respectively. Fig- 
ure 7 shows the effect of variations in bitumen content 
upon a certain asphaltic concrete. In these latter mix- 
tures the bitumen contents were computed by assuming 
that the stone required 1.25 per cent of bitumen and 
that the sand and dust carried 9, 11, and 13 per cent 
of bitumen in the three series indicated as containing 
5.3, 6.4, and 7.5 per cent of bitumen, respectively, thus 
conforming to the percentages used in the three sheet 
asphalts shown in the curves of Figure 5. The total 
aggregate mixture of the asphaltic concrete eens 
is composed of equal parts retained upon and passing 
a 10-mesh sieve. The specimens of the single series of 
gravel asphaltic concrete are of the same proportions 
as the stone asphaltic concretes of Figure 7, which 
contain 6.4 per cent bitumen. 

These results should not be taken as definite meas- 
ures of the stability of mixtures so proportioned. Data 
thus far obtained are much too meager to be so used, 
and the correlation between the behavior of the service- 
test sections previously referred to and the results of 
the strength tests remains to be accomplished before 
definite interpretation of the results can be given and 
the true value of the test confidently asserted. 

TABLET COMMEMORATES VISIT OF LATIN 

AMERICANS 

A bronze tablet commemorating the visit to the 

United States of delegates to the Pan American High- 

way Commission was unveiled at the Pan American 
Union in Washington on June 16. 

In presenting the tablet Ambassador Mathieu of 

Chile said: “It is intended to express the deep appre- 

ciation and gratitude of the delegates from the repub- 

lics of Latin America for the many courtesies and kind- 

nesses shown them in the United States, and especially 

for the inspiration and stimulus which they derived 

from their visit to this great country. The inspection 

which they made not only convinced them of the mar- 

velous progress of road building in the United States 

but also kindled their enthusiasm to foster similar move- 
ments in their respective countries. 
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EFFECT OF GRADING ON SAND STRENGTH RATIOS 
BY THE DIVISION OF TESTS, UNITED STATES BUREAU OF PUBLIC ROADS 

Reported by C. E. PROUDLEY, Assistant Engineer of Tests 

mined by means of the strength ratio test for 
a number of years, in some cases by means of 

compression tests, but more frequently by means of 
tension tests. It has been noticed, however, that the 
two methods do not agree for determining the quality 
of the same sample of sand. The discrepancy has 
been so great in some instances as to make it possible 
for a sand to meet requirements for quality when 
tested by one method and fail if the other method is 
used. 

The continued occurrence of such discrepancies has 
led to a study of the data available in Ane physical 
laboratory of the Bureau of Public Roads for the 
purpose of finding the factors influencing the relation- 
ship between the ‘two methods. The first study which 
is described in this article embraces the relation 
between quality and grading as it exists for a large 
variety of sands which have been used or proposed 
for use in concrete. There is no thought, as a result 
of this study, of establishing either method as most 
suitable for indicating quality. Each method has its 
advantages and one test is probably as suitable as the 
other. 

The most noteworthy observations to be drawn 
from this analysis are that coarse grading of sand 
results in an increase of the compressive strength 
ratio as compared to the tensile strength ratio and in 
general the tensile strength ratio test is more favor- 
able to sand than the compressive strength ratio. 

The data for the comparisons were obtained from 
routine tests made in the laboratory during the past 
three years. In all there were about 180 materials 
represented, most of which were considered satisfac- 
tory for concrete work, and some of which were doubt- 
ful. All were natural sands and covered a complete 
range of common types. 

Reference to American Society for Testing Materials 
Standard C9-21, Section XIV, will give a_descrip- 
tion of the method of making, storing, and testing 
the tension specimens. Tentative standard method 
C9-16T, of the American Society for Testing Materials, 
describes the making of compression tests, which is 
essentially the same as performed in this laboratory. 
It should be noted here that the consistency of the 
natural sand mortar was made as nearly the same as 
that of the Ottawa sand mortar as the operator could 
judge by close observation and feeling. Inasmuch as 
five operators took part in this series of tests, it is 
probable that the influence of the personal factor is 
comparatively small. 

For the purposes of this investigation, it was 
thought best to average the 7 and 28 day strength 
ratios and use these figures as the quality factor of the 
sand. The ratio of the tensile strength factor to wg 
compressive strength factor was next computed, 1 
order that those materials having the same SAR 
ship of quality factors could be erouped. This means 
that the materials having higher tensile strength ratios 
than compressive str ength ratios were put in one group, 
those haying approximately the same strength ratios 
in another group, and so on. The mechanical analyses 
of each of these groups were averaged, thereby obtain- 
ing the figures shown in Table 1. 

li: quality of concrete sand has been deter- These relationships are shown graphically in Figure 
1 by plotting the grading number for each sample, 
which is the summation of the percentages retained 
on the 10, 20, 30, 50 and 100-mesh sieves against the 
ratio of the tensile strength ratio to the compressive 
strength ratio. The average curve drawn on this plot 
was obtained by averaging the ratios in vertical col- 
umns and drawing a ‘smooth curve through these 
points. This gives the average relationship “between 
tensile and compressive strength ratios for any given 
grading number. The wide dispersion of the points 
makes this curve of little practical use other than to 
indicate the probable ratio of tensile strength ratio to 
compressive strength ratio. It is interesting to note 
that the average variation of this relationship from 
the curve is 14 per cent. 

PERCENTAGE OF TENSILE STRENGTH 
RATIO OF COMPRESSIVE STRENGTH RATIO 

mes 
160 180 200 220 240 260 280 300 320 340 360 380 

GRADING NUMBER 

Fic. 1—The average curve shows that an increase in the coarse grading of the sand 
results in an increase of the compressive strength ratio as compared to the tensile 
strength ratio. 

Undoubtedly much of this variation is due to im- 
proper manipulation of the compression tests for none 
of the operators had had extensive experience in 
molding the 2 by 4 inch cylinders prior to these tests. 
Other factors likely to cause the dispersion of points 
noted are the shape of the sand grains, organic matter, 
and structural weakness of the grains. None of these 
factors can be accurately measured at present and 
consequently no attempt has been made to consider 
their influence. The use of sand from any one source 
graded artificially and used in a series of tests of this 
nature would eliminate nearly all of the incidental 
variables encountered in this study. 

TaBLe 1.—Effect of grading of sand upon the relation between the 
tensile and compressive strength ratios 

Ratio of Mechanical analysis 
tensile 

strength N ears 
ratio to 1 Retained on sieve No. Loss ‘compressive eeacaced by 
strength elutri- 

ratio 10 | 20 | 30 | 50 | 100 | 200 | ation 

Per cent Pe Ct Rectal echo Paci . Cbal clack. Were ece 
75- 85 20 22 45 67 89 96 98 Dat 
86- 95 20 20 42 67 90 96 98 2.0 
96-105 37 15 38 65 88 96 98 2.2 

106-115 42 13 32 57 86 96 98 2.2 
116-125 26 12 30 55 84 95 98 2.0 
126-135 14 17 34 58 86 96 98 1.9 
136-145 13 10 27 53 81 94 97 PAY 
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Not many laboratories are so situated that only a 
single source of sand need be considered. There are 
usually from 4 to 25 different materials available, each 
of which may show changes in character as they are 
placed on the market. The variations shown here, 
therefore, would prevail to a greater or lesser degree in 
nearly all localities. In other words, the conditions of 
general relationship shown on the chart are applicable 
in the majority of testing laboratories which operate 
over an extended area. 

Inspection of the table shows that in those instances 
where the tensile strength ratio is lower than the com- 
pressive the sands average coarser in grading than 
where the tensile strength ratio is the higher. This is 
shown also on the chart. The low grading numbers 
indicate fine grading and at this end of the curve the 

ratio numbers are high—that is, the tensile strength 
ratio greatly exceeds the compressive strength ratio in 
amount. 

Also it is to be noted that the average curve drops to 
about the 100 per cent line, where tensile and com- 
pressive strength ratios are equal, and then curves 
upward. ‘This is equivalent to saying that the tensile 
strength probably will not fall below the compressive 
strength ratio. The reversal of direction of the curve 
is probably due to several coarse sands with higher 
percentages of voids than the others. It seems that in 
molding briquettes of exceptionally coarse sands more 
attention is given to the compaction of the mortar than 
in the molding of cylinders. The result is a denser 
and consequently stronger briquette and therefore a 
more favorable tensile strength ratio. 

NEW MOTION PICTURE RELEASES OF THE BUREAU OF PUBLIC ROADS 

WO new motion pictures of road building have 
been prepared for the Bureau of Public Roads 
by the Office of Motion Pictures, United States 

Department of Agriculture, and these are now ready 
for distribution. Both show the economic and scenic 
values of the roads in the National forests in the 
Pacific Northwest and the State of California. 

“The Road Goes Through” is a picture of National 
forest road construction, although the settings are of 
such a scenic nature that the subject matter would 
be of interest to any audience. Some of the views are: 
Crescent Lake in Washington—a trout fisherman’s 
Sees a bridge over a glacial torrent on Mount 

ainier; highway engineers surveying the Coast High- 
way along the cliffs in Oregon; road crews at work on 
the Mount Hood Loop road in Oregon; teams excavat- 
ing in the big tree section of California; a surveyor 
felling a big timber and a donkey engine clearing 
right of way in the “blow-down”’ area of the Olympic 
Peninsula, Wash. Gyratory rock crushers, motor 
trucks, road planers, blasting crews, wheel scrapers, 
road camps, steam shovels, and other equipment may 
be seen in actual use and always in a rugged and 
spectacular background. The picture throbs with life 
and will be of interest to any group regardless of age 
or occupation. 

“Roads from Surf to Summit” has a background 
which is entirely scenic and gives some conception to 
the prospective automobile tourist of the economic 
resources and the hidden scenic treasures in this 
country. Mount Rainier, Wash., is seen with its snow 
capped head touching the clouds at an elevation of 
14,408 feet above sea level. There are views of the 
Coast Highway along the rugged, rocky, and precipi- 
tous coast of Oregon, and of Mount Hood, probably 
the most accessible major peak in this country. The 
173-mile loop road around Mount Hood has been 
made possible by the completion of a 3714-mile sec- 
tion of forest road on the southerly slope of this 
mountain. The road reaches an altitude of 4,735 feet 
above sea level and the traveler returns to Portland 
over the paved Columbia River Highway through the 
river’s gorge in the Cascade Mountains. | 
A description of the bureau motion pictures now 

ready for release follows: 

NEW PICTURES. 
Roaps rrom SurFr to Summit.—1 reel (872 feet). 

Economic resources and scenic wonders of the na- 
tional forests of the Pacific Coast States now revealed 

to the motorists by means of modern highways con- 
structed under the direction of the Bureau of Public 
Roads. Includes Lake Crescent in the Olympic 
National Forest, the big timber, Mount Hood, Mount 
Rainier, Mount Baker, Mount Shuksan, and many 
other natural resources and wonders of the West. 

Turn Roap Gors THrRouGH.—1 reel (911 feet). 

How the western road builder overcomes barriers to 
transportation and builds the modern roads of our 
national forest and Federal-aid highway systems. 

FOREST ROADS. 
Roaps TO WONDERLAND.—1 reel (851 feet). 

Scenic spots reached by roads that are being built 
by the Federal, State, and county governments; 
Mount Hood, in the Mount Hood National Forest; 
Crater Lake, in Crater Lake National Park; and 
Yosemite National Park. Of general interest. 

HIGHROADS AND SKYROADS.—1 reel (907 feet). 

Building Government roads through the national 
forests; obstacles overcome and scenic beauties reached. 
Of general interest. 

AROUND THE WEsT By ForEST RoAps.—1 reel (985 feet). 

Examples of forest roads built by the Bureau of 
Public Roads in Colorado, Oregon, California, and 
Arizona. Of general interest. 

Buritpine Forrest Roaps.—1 reel (959 feet). 

Men and machinery at work in the national forests, 
pushing good highways through the great mountains 
and woodlands. Of general interest. 

ROAD BUILDING. 
MoprerNn CoNncRETE ROAD CONSTRUCTION. 

feet). 

Approved methods of highway building by the use 
of concrete; some of the modern machinery and prac- 
tices used in this work; a contrast is drawn between 
old-fashioned mud roads and modern highways; the 
film ends with a race between a railway train and a 
motor truck on a concrete road. Of general technical 
interest. 

Mixep AspHaLtT PAVEMENTS.—1 reel (892 feet). 

Construction of asphaltic concrete and sheet as- 
phalt roads as approved by the Bureau of Public 
Roads in administering the Federal-aid road act, from 
asphalt plant to finished road. Of general technical 
interest. 

1 reel (995 



Buitpine Biruminous Roaps.—1 reel (772 feet). 

How Uncle Sam, as the world’s greatest road builder, 
constructs surface-treated and penetration macadam 
roads. The introductory scenes show sources of bitu- 
minous materials and laboratory tests to determine 
quality. Of general interest. 

Brick—From Ciay To PAVEMENT.—1 reel (960 feet). 

The progress of clay through the plant until it is 
laid on the road as vitrified paving brick; some fin- 
ished brick roads. Of general technical interest. 

Wuat Aspout Macapam?—1 reel (836 feet). 

Approved methods of building macadam highways on 
Federal-aid projects. The introductory scenes explain 
why macadam roads may not be satisfactory for auto- 
mobile traffic, and how to make them so. Of general 
technical interest. 

Granite Biock Pavina.—l reel (706 feet). 

From the quarry to the finished pavement in large 
cities. Of general technical interest. 

Tests For BretrErR Roaps.—l1 reel (926 feet). 

Tests conducted by the Bureau of Public Roads to 
determine the durability of road building materials; 
some of the unusual machinery used in making the 
tests. Of general technical interest. 

The general public may obtain the films by written 
application to the Office of Motion Pictures, Extension 
Service, United States Department of Agriculture, 
Washington, D. C. Films are furnished free except 
for the transportation charges both ‘ways. In all cases 
it is necessary that a reliable person assume responsi- 
bility for such charges as well as for the safe keeping, 
proper use, and prompt return of the films. Applica- 
tions should be made as far in advance as possible and 
should specify preferably several alternative choices of 
subjects and periods of time. Schedules of proposed 
showings or other definite information indicating the 
prospective use should accompany the application. 
About one-half the available prints are on slow burning 
stock and this is being used for all new films. All 
films are of standard width. 

(Continued from page 85) 

had developed, and the transverse cracks were from 
10 to 20 feet apart. All of these samples were taken 
from the subgrade in Muskingum County. 

Turning now to Licking County, we find that sample 
No. 6 was taken from a section where a longitudinal 
crack had formed and where two transverse cracks 
extending partly across the pavement had developed 
only a few feet apart. This sample, as will be noted 
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by reference to the table, shows a clay content of 47 
per cent, a sand content of 18 per cent, and a moisture 
equivalent of 22 per cent. It will also be noted that 
the dye adsorption of 38 on this soil was the highest of 
any of the samples tested. The other four samples 
taken from Licking County were obtained at locations 
where little cracking had developed. Two of these 
samples, Nos. 7 and 10, show relatively low clay con- 
tent and moisture equivalent, with corresponding high 
sand content. The other two, however, show high 
clay content and low sand content. In the last- 
mentioned cases, however, samples Nos. 8 and 11, it 
will be seen that both samples contained a considerable 
amount of coarse material (gravel), which may possibly 
have increased the stability of the soil, and reduced 
the amount of cracking. It will be noted also that 
in the case of all four of the samples from Licking 
County taken from under the concrete which had not 
cracked extensively, the percentage of shrinkage of the 
soil as determined by laboratory test was lower than 
in the case of sample No. 6. In general, it may be 
said that the results of the soil tests appear to bear a 
distinct relation to the amount of cracking in the 
concrete. 

PRACTICALLY NO SCALING OF SURFACE 

The road is practically free from surface scaling due, 
in the writer’s opinion, first, to the fact that the sand 
used in the concrete contained very little fine material; 
second, to the fact the concrete was mixed dry; and 
third, that there was no tendency to overfinish the 
surface. Experience has demonstrated that scaling 
is very apt to occur on pavements which have been 
overfinished in an effort to secure an exceptionally 
smooth surface and that this condition is exaggerated 
when the concrete is wet and when the fine aggregate 
contains a relatively large amount of silt. Some sur- 
face wear, however, has taken place on the pavement. 
This wear is uniform across the road and has taken 
place to about the same extent on both the uncrushed 
gravel and crushed-limestone concrete. The total 
amount of wear which has taken place in 10 years of 
service, as near as can be estimated, is about one-eighth 
of an inch. The wear, however, has not been accom 
panied by an undue amount of spalling or disintegra- 
tion of the concrete. This applies to the small slabs 
which have been formed by the excessive cracking of 
the gravel concrete and as well as to the edges of ex- 
poe joints or cracks. In only a very few cases has it 
een necessary to replace slabs due to the breaking up 

of the concrete and this again is a tribute to the quality 
of the concrete. From present indications, the pave- 
ment should be good for many years’ service, assuming 
that proper maintenance is given the joints and cracks. 

O 
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Applicants are urgently requested to ask only for those publications in which they are 
particularly interested. The Department can not undertake to supply complete sets 
nor to send free more than one copy of any pubiication to any one person. The editions 
of some of the publications are necessarily limited, and when the Department’s free supply 
is exhausted and no funds are available for procuring additional copies, applicants are 
referred to the Superintendent of Documents, Government Printing Office, this city, who 
has them for sale at a nominal price, under the law of January 12, 1895. Those publica- 
tions in this list, the Department supply of which is erhausted, can only be secured by 
purchase from the Superintendent of Documents, who is not authorized to furnish pup. 
lications free. 

ANNUAL REPORT 

Report of the Chief of the Bureau of Public Roads, 1924. 

DEPARTMENT BULLETINS 

No. 105. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1913. 

*136. Highway Bonds. 20c. 
220. Road Models. 
257. Progress Report of Experiments in Dust Prevention 

and Road Preservation, 1914. 
*314. Methods for the Examination of Bituminous Road 

Materials. 10c. 
*347. Methods for the Determination of the Physical 

Properties of Road-Building Rock. 10c. 
*370. The Results of Physical Tests of Road-Building Rock. 

15c. 
386. Public Road Mileage and Revenues in the Middle 

Atlantic States, 1914. 
387. Public Road Mileage and Revenues in the Southern 

States, 1914. 
388. Public Road Mileage and Revenues in the New 

England States, 1914. 
390. Public Road Mileage in the United States, 1914. A 

Summary. 
*393. Economic Surveys of County Highway Improvement. 

35c. 
407. Progress Reports of Experiments in Dust Prevention 

and Road Preservation, 1915. 
*463. Earth, Sand-Clay, and Gravel Roads. 1éc. 
*532. The Expansion and Contraction of Concrete and 

Concrete Roads. 10c. 
*537. The Results of Physical Tests of Road-Building Rock 

in 1916, Including all Compression Tests. 5c. 
*583. Report on Experimental Convict Road Camp, Ful- 

ton County, Ga. 25c. 
*586. Progress Reports of Experiments in Dust Prevention 

and Road Preservation, 1916. 10c. 
*660. Highway Cost Keeping. 10c. 
*670. The Results of Physical Tests of Road-Building Rock 

in 1916 and 1917. 5c. 
*691. Typical Specifications for Bituminous Road Mate- 

rials. 10c. 
*704. Typical Specifications for Nonbituminous Road 

Materials. 5c. 
*724, Drainage Methods and Foundations for County 

Roads. 20c. 
*1077. Portland Cement Concrete Roads. 1aic. 
*1132. The Results of Physical Tests of Road-Building Rock 

from 1916 to 1921, Inclusive. 10c. 

No. 1216. Tentative Standard Methods of Sampling and Test- 
ing Highway Materials, adopted by the American 
Association of State Highway Officials and ap- 
proved by the Secretary of Agriculture for use in 
connection with Federal-aid road construction. 

1259. Standard Specifications for Steel Highway Bridges, 
adopted by the American Association of State High- 
way Officials and approved by the Secretary of 
Agriculture for use in connection with Federal-aid 
road construction. 

1279. Rural Highway Mileage, Incomes and Expenditures, 
1921 and 1922. 

DEPARTMENT CIRCULAR 

94. TNT as a Blasting Explosive. 

FARMERS’ BULLETINS 

. *338. Macadam Roads. _ dc. 
*505. Benefits of Improved Roads. 

SEPARATE REPRINTS FROM THE YEARBOOK 

727. Design of Public Roads. 5c. 
*739. Federal Aid to Highways, 1917. 
*849. Roads. 5c. 

OFFICE OF PUBLIC ROADS BULLETIN 

*45. Data for Use in Designing Culverts and Short-span 
Bridges. (1918.) 15c. 

OFFICE OF THE SECRETARY CIRCULARS 

49. 
59. 

63. 

“it ee 

No. 

DC. 

5c. 

No. 

No. Motor Vehicle Registrations and Revenues, 1914. 
Automobile Registrations, Licenses, and Revenues in 

the United States, 1915. 
State Highway Mileage and Expenditures to January 

1, 1916. 
Width of Wagon Tires Recommended for Loads of 

Varying Magnitude on Earth and Gravel Roads. 
5e 

Automobile Registrations, Licenses, and Revenues in 
the United States, 1916. 

Rules and Regulations of the Secretary of Agriculture 
for Carrying out the Federal Highway Act and 
Amendments Thereto. 

REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH 

73. 

161. 

Vol. 5, No. 17, D-2. Effect of Controllable Variables Upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

Vol. 5, No. 20, D-4. Apparatus for Measuring the Wear of 
Concrete Roads. 

Vol. 5, No. 24, D-6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Vol. 10, No. 7, D-13. Toughness of Bituminous Aggregates. 
Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 

crete Slab Subjected to Eccentric Con- 
centrated Loads. 

* Department supply exhausted. 
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